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SUPPORT 


Four Royal Canadian Air Force squad- 
rons CF-100s are now service with 
NATO Western Europe. Once again 
Canada has demonstrated its capability 
meeting its commitments its allies 
defence freedom, schedule. 


Additional squadrons CF-100 
interceptors have been ordered aug- 
ment the all-weather, round-the-clock 
defences Belgium. 


MALTON, CANADA 


MEMBER: ROE CANADA LIMITED 
THE HAWKER SIDDELEY GROUP 


Formation flight rocket-armed CF-100s. 


R.C.A.F. Squadron parades before take off base Europe. 
Pilot and navigator team-up for trans-Atlantic flight. 


This replace the October 1957 issue the Canadian 


Aeronautical Journal, recently sent you, which was 


unfortunately incomplete. 
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BEAVER AND OTTER 


THE 


Seaplane gross weight 5090 
Ibs. Payload 1412 Ibs. with 
200 miles range (landplane 
1722 Ibs.) 


THE 


Landplane gross weight 8000 
Ibs. Payload 3098 Ibs. with 


200 miles range (Seaplane 
2528 


Available 
LANDPLANE FLOATPLANE AMPHIBIA 


Designed and built 


THE HAVILLAND AIRCRAFT CANADA LIMITED 


POSTAL STATION TORONTO ONTARIO 


Western Sales and Service: Municipal Airport, Edmonton, Alta. Pacific Coast Sales and Service: Vancouver, B.C. 
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MAIN LANDING GEAR Avro 
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New powerful turbojet... 


THE ORENDA 


Garrett Canada has played vital role 
the development this turbine giant 
with thrust more than 20,000 pounds 


are proud that products companies represent were selected for 
incorporation this magnificent new turbojet engine. Components and 
accessories supplied Garrett Canada are follows: 
Heat exchangers 
temperature 
Oil temperature 
Air pressure controls 
Air turbine starters 
Fuel and oil line couplings 


you have requirement related any the fields listed below, specify 
that your products are supplied Garrett. Your inquiries are invited. 


The Garrett Manutacturing Corporation Canada, Ltd. 


REXDALE, ONTARIO 


subsidiary THE (Gas 


REFRIGERATION SYSTEMS ¢ PNEUMATIC VALVES AND CONTROLS © TEMPERATURE CONTROLS ¢ CABIN AIR COMPRESSORS 
TURBINE MOTORS ¢ GAS TURBINE ENGINES © AIR TURBINE STARTERS © CABIN PRESSURE CONTROLS © HEAT TRANSFER 
EQUIPMENT ¢ ELECTRO-MECHANICAL EQUIPMENT ¢ ELECTRONIC COMPUTERS AND CONTROLS ¢ INSTRUMENTS ¢ SURVIVAL EQUIPMENT 
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THE STANDARD PLASTIC 


CRYSTAL GLASS AND PLASTICS LTD 


OUT THE SKIES... 


Into Canada are flowing millions dollars earned 
Canadian Pratt Whitney Aircraft every 
free country the world. Look skyward 


and you'll see our handiwork. 


Over temple spires Siam, India, Turkey and 


Indonesia; the skies over Japan, the U.S., Brazil, 


Britain, Finland, France, Australia, and South Africa, 

fly aircraft powered many models dependable 
Pratt Whitney Engines, for which 

manufacture spare parts. over fifty countries 


shipments these spares from Canadian Pratt 


Whitney Aircraft, company proud its 
contributions Canada’s burgeoning export market. 


POWER for Canada’s spreading wings 


COMPANY LIMITED, LONGUEUIL, QUEBEC 


PRATT WHITNEY ENGINES SIKORSKY HELICOPTERS 
HAMILTON STANDARD PRODUCTS PESCO AIRCRAFT ACCESSORIES 


AUTOMATIC 
TRI-FILM 
PROCESSOR 


Tri-Film Processor develops and dries 
Four 400-ft. mm. films can handled 
simultaneously—or two 400-ft. films— 
one 400-ft. length. The various 
film sizes are accommodated simple 


adjustments film separators. Separate 
temperature control the processing 
solution possible each tank from 
110 degrees F., within degree. 
The latest high temperature chemical 
resistant plastics and Type 316 stainless steel 
are used all chemical areas. Processing 
the film loaded into the machine—no special 
continuous tapes, chains sprockets are used. 


The need for stop baths and interbath rinses, 


normally required many processes, virtually SPECIFICATION 
eliminated because squeegee roller design. AUTOMATIC TRI-FILM PROCESSOR TYPE T246 Mk3 
Size: 54” long, 22” wide, 51” high 
Weight: 400 Ibs. 


requirements 

roll 
Rate of Processing: 1%, 3 or 6 ft. per min. 
Temperature-controlled solutions and dryer. Daylight oper- 
ation except loading of film into magazine. Processes per- 
forated or plain film. 


ensure rapid drying the machine. The Processor perfect 
for newsreels, news film, motion picture 
the field,—in all cases where speed plus quality are essential. 
Write for literature and quotations. 


Canadian Applied Research Limited 
(formerly PSC Applied Research Limited) 


1500 O'CONNOR DRIVE 


TORONTO 16, ONTARIO, CANADA 
PLYMOUTH 5-3371 


ROE CANADA LIMITED HAWKER SIDDELEY GROUP 


FEET MINUTE WITHOUT LOSS QUALITY! 
q 
4 


airframes 
LORD 


controls vibration 


Effective noise and vibration isolation the 
vital link where engine meets airframe key 
smooth, quiet flight. bonded-rubber 
engine mountings have consistently proven 
their ability control the engine vibration 
level effectively all types power plants— 
turboprop, jet and reciprocating. small 
planes heavy bombers, military 
commercial, under extremes operating 
temperatures and environmental conditions, 
LorD mountings have impressive record 

performance, economy and safety. LORD MANUFACTURING COMPANY 

aircraft engine mountings are lightweight, ERIE, PENNSYLVANIA 
easy install, longer-lasting and require 
fewer replacement parts. They are designed 
for maximum safety all times. 
has 25-year record supplying the 
aircraft industry with the best engine 
vibration control. 


FOR FURTHER INFORMATION WRITE TO: 


RAILWAY POWER GINEERING 


NEW GLASGOW QUEBEC MONTREAL NORANDA 
OTTAWA NORTH BAY TORONTO HAMILTON 


WINDSOR SAULT STE. MARIE WINNIPEG CALGARY 
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EJECTION TRIALS 


National Defence Photo 


dummy ejection from T-33 aircraft; one 
series trials carried out the 


R.C.A.F. (See page 262). 
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PROVIDE FOR THE COMMON DEFENSE 


need not the most expert Global Strategist 
recognize that the defense problems facing Canada 
and the United States are one and the same. Since the 
two countries are not conveniently differentiated 
color most maps would seem indicate, high flying 
bombardiers long range missile aimers may have 
difficulty dumping their loads one side the other 
non-existent line. Actually, are both vitally 
concerned with the defense the North American con- 
tinent, which all have very large stake. 


- 


This scarcely comes under the heading 
most us, least all our Joint Military Planners. 
More recently, the general public has been made in- 
creasingly aware these “facts life” through ac- 
counts the press the completion the DEW line 
and other air defense measures which both countries 
have Relatively few people, however, realize 
the extent our common effort both depth and 
breadth. Behind the outward signs the joint effort 
that are now reaching public attention lie many years 
close cooperation Washington and Ottawa 
among military and civilian representatives the two 
countries. Not for nothing has the Canadian Government 
maintained well-qualified Defence Mission Washing- 
ton with ground forces, naval, air staff and civil research 
representation. one now looks twice Canadian 
uniforms our Pentagon and Navy Departments. And 
the Research and Development and Production sides, 
the closest possible collaboration maintained through 
Department Defense channels and through other 
agencies. this connection, think have been 
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fortunate indeed have such able citizen the first 
President the Dr. John Green, Defence 
Research Member the Canadian Joint Staff 
Washington. 


feel that the close collaboration between 
and that began under Johnny Green’s presidency 
has paid off handsomely. these days when “defense” 
really means air-defense, one questions the importance 
the role played the aeronautical engineer and scien- 
tist. keeping sharp the tools the profession through 
interchange ideas, joint effort societies such 
ours plays very real part providing for the essential 
Common Defense. 


realize full well that has not been easy 
task bring the stature that occupies today. 
These things not happen themselves. Much hard 
work, plus good management coupled with not in- 
considerable background enthusiasm are the essentials. 
these days, when changing defense requirements im- 
pose unexpected economic pressures,-the going not 
always easy and sincerely hoped that the 
Canadian aeronautical Industry will recognize the im- 
portance its professional society both domestic and 
international fields and will always see that has 
the necessary support. can assure you that will 
continue assist whatever ways can. 


Director, 
Institute the Aeronautical Sciences 
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R.C.A.F. EJECTION TRIALS 


This photograph com- 
posite, taken the cameras 
mounted tip tank (a), 
and shows dummy ejection 
from the rear cockpit 300 
knots. The purpose the tests 
evaluate automatic devices 
for opening the seat harness 
and deploying the parachute 
the minimum time after 
ejection. 
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National Defence Photo 


Ejection trials are being con- 
ducted for the R.C.A.F. the 
Central Experimental and 
Proving Establishment, Up- 
lands. This photograph shows 
the T-33 aircraft used, indicat- 
ing the tip tank (a) modified 
carry cameras, the modified 
canopy (b) and the tear fac- 
ing camera (c). 


National Defence Photo 
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THE APPLICATION ULTRA HIGH TENSILE 
STEEL THE DESIGN MODERN 


Dowty Equipment Canada Limited 


INTRODUCTION 


thirty months ago our firm was issued speci- 
fication calling for undercarriage, designed 
primarily steel having ultimate tensile strength 
260,000 280,000 psi. The implementation 
specification requirement has presented with some 
most interesting problems, which should like dis- 
cuss this paper. 

Space limitations dictated the use steel the 
design the undercarriage and, keeping with the 
high performance design the aeroplane, was essential 
that the weight kept minimum which resulted 
the employ this new material. 

For some two three years prior this time, 
number American aircraft firms and research estab- 
lishments had been investigating the possibilities using 
steels heat-treated levels excess 200,000 psi 
the name “Ultra-High Tensile Steel” had been assigned 
these steels. intensive survey the existing litera- 
ture the subject and considerable number per- 
sonal contacts with the companies who were active 
the field that time were undertaken acquaint our- 
selves with some the problems involved the use 
this material and establish the particular steel most 
suitable our needs. soon became apparent that 
while the problems were many, the solutions were few. 

The steels most common use were Hy-Tuf and 
modified SAE 4330 strength level approximately 
230,000 Ib, and SAE 4340 steel the strength level 
260,000. decided hang our hat SAE 4340 steel, 
with which were quite familiar lower strength 
levels. After lengthy search for suitable source 
very high quality steel this basic specification, was 
eventually decided that slightly modified version 
the basic steel, produced our specification Dowcan 
110, was the best solution the problem. The soundness 
this approach has been demonstrated the test results 
which have since become available. 

were soon learn new term, “static fatigue”, 
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MAIN OUTER FITTING 
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well multitude problems peculiar the ap- 

techniques ultra high tensile steel. Our early design 

thinking had been based the extensive use butt 

welding, but when soon became apparent that very 

read the Annual General Meeting the 

Ottawa the 27th May, 1957. Figure 

*Chief Engineer. General arrangement gear 
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BACK STAY 


MAIN FITTING 


BOGIE BEAM 


Figure 
Assembly gear 


little experience the welding steel this strength 
level was available, decided live with the problems 
associated with the machining and processing very 
large forgings, practical alternative. 


addition the problems stemming from the use 
ultra high tensile steel, the design 
undercarriage was further complicated the necessity 
stowing very long undercarriage, mounted 
skew axis, very limited space thin wing. The main 
wheels had arranged tandem and the under- 
carriage had shortened, twisted and trimmed during 
retraction. Figure general view the completed 
undercarriage. 


Due the dynamic interaction the undercarriage 
and wing structure, very thorough dynamic analysis 
the loading conditions various members 
the undercarriage was necessary. Not the least interesting 
fact which resulted from this study was that the forward 
anti-drag loads the undercarriage designed the 
structure bending. 


DESCRIPTION THE UNDERCARRIAGE 

Referring now Figure should like point 
out some the principal design features the under- 
carriage. 


The springing and shock absorption accomplished 
means Liquid Spring. The single-wheel tandem 
axle configuration was adopted permit stowage 
the wheels very thin wing box. order achieve 
the desired reaction time characteristic during landing, 
initial contact made the rear wheel. The tendency 
for the bogie beam rotate limited tensile loading 
the collapsible tie, causing the shock absorber 
close and preventing slamming the front wheel 
the ground; thus, the rate closure the front wheel 
with the ground limited the descent velocity 
the aircraft rather than twice this figure which would 
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otherwise be. The collapsible tie also contributes the 
trimming the bogie beam for stowage. 

The relatively long undercarriage necessitated 
the configuration the aircraft and, order stow 
within the space available, necessary effect 
shortening during retraction. This accom- 
plished linkage which actuated relative 
angular movement the pivot shaft during retraction. 

The design the wing structure made necessary 
provide skew axis for the pivot shaft which, 
turn, the undercarriage leg 
during retraction. order accomplish this, was 
necessary disengage the torque carrying members 
the undercarriage permit rotation and provide cam 
cause it. will seen examination Figure 
that, during the retraction operation, the entire lower 
portion the undercarriage caused move axially 
while the same time rotating through angle 
approximately 40°. 

The forged ultra high tensile steel parts the gear 
are the main outer fitting, the back stay, the bogie beam 
and the sliding member. addition the operating sleeve, 
the cross shaft, the side stay and several other smaller 
details are produced from ultra high tensile steel bar 
stock. With this extensive use ultra high tensile steel, 
estimated direct weight saving 110 per gear has 
been achieved which, when related the appropriate 
growth factor, certainly worthwhile overall saving. 

pair brake links provided prevent pitching 
the bogie undercarriage during braking. The internal 
volume the forward link used storage space 


Figure 
Installation rigid brake pipes 
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TABLE 
CHEMICAL COMPOSITIONS TYPICAL ULTRA HIGH TENSILE STEELS 


Present Usage 


Average Composition 


Type AMS No. 


TABLE 
MECHANICAL PROPERTIES TYPICAL ULTRA HIGH TENSILE STEELS 
LONGITUDINAL PROPERTIES 
Type 
Elong Charpy Tempering 
0.2% V-Notch Temp 
Future 


REFERENCE: ‘‘Ultra High Strength Sands and Miller, International Nickel Co. 


supplement the air volume the shock absorber re- 
cuperator. The recuperator itself serves the purpose 
ensuring accurate positioning the undercarriage for 
stowage and completely consistent shock absorption over 
extremely wide variation ambient temperature. 

Installation the undercarriage the airframe 
effected breaking the joint the cross shaft per- 
mitting the removal the spacer and the insertion 
the pivot shaft journals the bearings provided 
the airframe. 

Figure also shows the telescopic side stay which has 
the dual purpose resisting moments resulting from 
horizontal loads applied the undercarriage and also, 
through the use internal lock, effecting the neces- 
sary locking the undercarriage the down position. 
Unlocking the side stay effected hydraulically 
internal ram fed rigid pipes its top end. 


order eliminate the problems associated with 
the use considerable number flexible hose as- 
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semblies and ensure against the possibility fouls 
occurring retraction, the undercarriage has been 
fitted with assembly swivel-and-trombone-jointed 
rigid pipe brake lines which may seen Figure 
This practice becoming increasingly common and 
offers many attractions, especially where space 
premium. 


SPECIFICATION AND PROCUREMENT STEEL 

was stated before, considerable number pos- 
sible steels for use high strength levels were available 
under investigation the time that this project was 
undertaken. addition, several new steels have since 
been developed and are present the experimental 
stage. Some these later steels can heat treated 
levels excess 300,000 psi but, the best our 
knowledge, none these use practical ap- 
plication. Table lists the chemical composition 
group the steels currently use and some the 
experimental steels under investigation. 
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Under Investigation 
| 


TABLE schedule tests each melt steel and much 

Basic SPECIFICATION PROPERTIES closer control melting practice ensure cleanliness. 
Dowcan 110 The basic specification properties are shown 

Table These are the results the analysis very 
large number tensile test specimens, particularly 

Ultimate Tensile Strength psi directed achieving satisfactory Cross grain properties. 
The testing consists basically cutting group test 

specimens from the centre, mid-radius and edge 


sections taken from the top, middle and bottom the 
(0.2% Proof) 217,000 217,000 first, last and two equally spaced intermediate ingots. 
*Average properties for each test location are determined from the area for three heats steel, two which were accepted 
six specimens shown below. and the third, heat No. 4945, which was rejected. 


should noted that the rejected heat not any 
way inferior aircraft quality SAE 4340 steel 
MIL-S-5000, but the superiority the accepted melts 
steel readily apparent. Another point interest 
about these results the consistency the results within 
heat and from heat heat, even though the testing 
was conducted two different laboratories. similar 
high quality and consistency results has been ob- 
served for other mechanical properties the steel. 

One longitudinal taken each test loca- 
tion but not considered that measurement longi- 
tudinal properties very good indication the quality 
the steel. Izod impact values are also measured with 
typical values running between and for 
standard specimen. 

result early test findings, was decided 
crop minimum from each end each ingot, 
order eliminate the inconsistency results experi- 
enced these areas. 

Although correlation known exist between 
measured inclusion ratings and mechanical properties, 
inclusion rating test has been specified for the purpose 
gathering information confirm deny such cor- 
relation. Typical results date show the predominant 
inclusion type globular with the density not ex- 


anical properties the same steels are shown Table 
Since some the steels are early stage de- 
velopment, the properties listed must, these cases, 
considered tentative. 

Our choice the basic SAE 4340 composition was 
dictated mainly two considerations. These were the 
large fund knowledge existing regarding this steel 
this and lower strength levels and the fact that 
was the only steel, that time, which appeared 
suitable for heat treatment level 260,000 psi, 
while retaining acceptable ductility. 


Although most the early work 4340 steel ceeding that indicated the Jernkonteret chart. 
the high strength level was based steel produced 
MIL-S-5000 specification, our early discussions with MANUFACTURING AND PROCESSING 
various interested companies indicated that considerably The arguments regarding the use large forgings 
tighter specification control would necessary en- versus the use smaller forgings welded tubular 
sure satisfactory performance. This fact led the section members are many and varied. was our in- 
preparation our company specification Dowcan 110, tention the early design stages adopt the latter 
which defines steel basically conforming the SAE procedure for large part this undercarriage; how- 
4340 chemical composition but requiring very rigid ever, our thinking was largely coloured our belief 

TABLE 


STATISTICAL ANALYSIS TRANSVERSE REDUCTION AREA VALUES 


REDUCTION AREA TRANSVERSE 

Heat Testing Tests 
Ave. Dev. Min. 95%* 
Rat Limit 


*The 95% Limit Confidence represents the value above which 95% RAT values will fall large sample, and equal 
where obtained from Students distribution table. 
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Figure 
Forged members 


that the size forgings required would difficult, 
not impossible, procure. However, the welding 
steel this strength level was, that time, relativel 
new and unknown process. When was established that 
satisfactory source for the large forgings required 
was readily available, were only too pleased 
revert this type construction. The major forgings 
used the undercarriage are shown finished machined 
parts Figure 

The largest these forgings, the main outer fitting, 
weighs approximately 1,000 forged, and, 
finished machined stage, approximately 167 lb. The 
bogie beam probably the most difficult the forgings 
from the forging point view, because its complex 
shape and the necessity throwing material three 
mutually perpendicular directions either end. The re- 
maining two forgings are the type that could probably 
better manufactured small.forgings welded 
tubular member, should large scale production en- 
visaged. 

addition the forgings described above, several 
other ultra high tensile steel parts the undercarriage 
are machined from representative group 
these shown Figure 

metal possible prior heat treatment. unexpected 
dividend the effort invested the procurement the 
steel has been its free cutting quality, both before and 
after heat treatment. This presumably results from the 
relative freedom from inclusions and has the effect 
producing very smooth surface finish and freedom from 
tearing thin sections such threads. Machining 
the heat treated stage has not proved difficult one 
might imagine. Extensive use made carbide tools, 
although certain operations may carried out with 
high speed steels, the expense relatively high rates 
tool wear. The general requirements for successful 
machining include the use more powerful and rigid 
machines and copious supply coolant. Certain 
operations, such tapping small holes, are difficult 
that they must considered impracticable for normal 
use. 
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HEAT TREATMENT 


Although the basic heat treatment procedure for the 
steel conventional, certain aspects are critical and 
have therefore adopted the procedure writing 
detailed specification covering the entire operation. The 
specification calls for the use either neutral salt 
bath atmosphere-controlled furnace for the auteni- 
tizing operation. Both these methods ensure minimum 
decarburization, thereby reducing the amount 
machining necessary after heat treatment ensure 
its removal. The neutral salt bath method has the addi- 
tional advantage minimizing distortion during heating, 
although not felt that this over-riding con- 
sideration, since the larger part the distortion ex- 
perienced probably occurs during the quenching opera- 
tion. Figure shows main outer fitting emerging from 
the salt bath. 

The quenching carried out oil, having initial 
temperature 160°F and sufficient volume ensure 
that the final temperature the part does not exceed 
250°F. Agitation the oil must provided achieve 
the specified severity quench. 


Double tempering employed, the first tempering 
operation commencing within one hour 
The tempering temperature determined from the table 
provided measurement the as-quenched hardness. 
All ultra high tensile steel parts are subjected baking 
for hours 250°F, after all other operations have 
been completed. Straightening warped parts after heat 
treatment permitted, under certain conditions, followed 
baking process. This procedure has been success- 
fully carried out the very few cases where was 
found necessary, but has been found possible 
eliminate the necessity, improved technique, all 
cases far experienced. 


The equipment used for heat treatment subjected 
qualification procedure involving the use tensile 
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Figure 
Heat treatment main outer fitting 


test specimens and hardness and decarburization test 
pieces prior the commencement heat treatment 
actual parts, and each batch parts accompanied 
control specimens through the entire operation. 


PLATING 


Both cadmium and chromium plating are successfully 
carried out the ultra high tensile steel parts. The 
abundant literature this subject good indication 
the degree control which must exercised 
these processes. initial study the problems 
plating indicated that, whilst chromium plating appeared 
relatively straightforward operation, providing 
post-plating baking was used, cadmium plating was likely 
present some difficulty. Our experience has proved 
the reverse true. Here again the critical nature 
certain aspects the processes have made necessary 
prepare detailed covering the pre- 
plating treatment, the plating process 
operations. 

retrospect, must ascribe our complete success 
date with cadmium plating our initial decision 
require fluoborate bath, rather than the much more 
commonly used cyanide bath, for the actual plating. 
The superior properties resulting from the use 
fluoborate bath are generally ascribed the higher 
plating efficiency the bath. This results reduction 
the plating time part from minutes 
minutes. The use “brighteners” the bath 
prohibited. 

have specifically excluded electrolytic cleaning 
parts prior However, recent investigations 
indicate that anodic cleaning unlikely cause any 


268 


serious trouble, although cathodic cleaning has been 
proven undesirable. 

The adverse effects chrome plating steels 
lower strength levels can easily eliminated baking. 
The generally accepted reason for this that, because 
the porous nature the chrome plate, the absorbed 
hydrogen can easily driven off the baking pro- 
cess. Unfortunately, the case ultra high tensile 
steel, the permissible baking temperature not 
ciently high permit complete elimination the 
troublesome hydrogen. would, therefore, appear un- 
likely that full restoration the properties 
the basic steel can ever achieved after chrome plating. 
are, fact, using basis for acceptance 
mum reduction five points the measured percentage 
reduction area tensile specimens which accompany 
the parts through the entire plating process. achieve 
consistently good results, have also found necessary 
increase the current density used for plating nearly 
double the value which had been used for conventional 
plating. This has tendency produce frosted surface 
which does not appear have any adverse effects. This 
phenomenon probably results from the greater width 
the cracks which are always present chrome plating. 
Our experiences has also shown that, contrary our 
expectations, the procedure over-plating and grinding 
back has proved not only harmless but, fact, 
anything, beneficial. 

Prior the commencement plating and speci- 
fied intervals, the plating bath for either chrome 
cadmium plating must subjected qualification pro- 
cedure and, addition, process control specimens ac- 
company each batch parts through all plating 
operations, including the subsequent baking and grinding 
and, when necessary, stripping and replating. 

order increase our understanding the various 
problems associated with plating and baking and the 
effect these processes the properties the steel, 
have undertaken program involving the use 
larger numbers tensile and fatigue tests specimens 
which have been subjected controlled processing. 
Figure shows some typical results for group 
notched fatigue specimens. These results would appear 
indicate that the cadmium and chromium plating had 
not adversely affected the fatigue life the specimens, 


Figure 
Dowcan 110 plated fatigue tests 
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Figure 
Dowcan 110 fatigue tests 


but must borne mind that relatively high stress 
concentration factor 3.8 may have masked the effect 
the plating. Some other results this test program 
are shown Figure The specimens this case are 
unnotched and the results show considerable improve- 
ment fatigue resistance resulting from shot peening. 
are not present using shot peening solely for this 
purpose, but employ restore the loss 
properties resulting from partial decarburization, cer- 
tain areas where machining subsequent heat treatment 
not carried out. Figure shows typical group 
macro-photographs specimen failures under various 
conditions. The general appearance some failed speci- 
mens may seen Figure 10. 
This program currently being devoted the 
variables associated with chrome plating, such current 
density, and our intention extend the program 
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TYPICAL DUCTHE FRACTURE OF 
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Figure 
110 typical macro/micro-photos 
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include similar testing larger tubular specimens, 
more simulate the actual parts 
undercarriage. also intend include study 
the effects these processes the static fatigue 
characteristics the material. 

the present time, W.A.D.C. have issued in- 
struction prohibiting the use cadmium plating parts 
heat treated above 200,000 psi. This may may not 
good idea but there one serious objection its 
implementation, i.e. that satisfactory substitute pro- 
tective treatment available. Several possibilities, such 
the use zinc-rich paints and epoxy resins, are pre- 
sently being investigated. has been reported that the 
zinc-rich paints cause reduction fatigue life, but the 
reason for this obscure. The general objection the 


use any known form paint for protective treat- 


ment, against cadmium plating, that whereas the 
cadmium plate when scratched still offers fair measure 
cathodic protection, the same not true paint. 


PROPERTIES ULTRA HIGH TENSILE STEEL 


should like now briefly discuss some the more 
important properties ultra high tensile steel, particu- 
larly SAE 4340, relation the same properties the 
more conventional heat treat range. 

are indebted the International Nickel Com- 
pany for the basic information shown the curves 
Figure 11. The information shown dotted the lower 
end the temperature scale based our findings 
with Dowcan 110 steel. The Rockwell hardness 
the steel the 270,000 psi level approximately 54. 
Our test results would indicate value approximately 
three points below this but some published tables and 
curves show even higher values. This thought result 
from errors measurement the incompleteness 
the tests rather than from real variations the steel. 
will observed that the percentage difference between 
the 0.2% proof stress and the ultimate tensile strength 
increases fairly rapidly the higher strength levels. 
From the design point view, this means that careful 
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Typical group failed specimens 
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attention must paid the limit condition well 
the ultimate. 

Accurate measurement the 0.2% proof stress 
tensile specimen extremely difficult accomplish and 
most our routine testing has been based the pro- 
cedure establishing, the use dividers, that the 
specified minimum value, namely 217,000 psi, has been 
achieved. few cases, where have actually 
measured the proof stress, has been found 
approximately 230,000 psi. Our reduction area 
measurements indicates that the basic curve shown 
pessimistic for the steel are using. similar ob- 
servation can made with regard elongation. The 
Izod curve appears reasonable agreement with 
our results. 

The question fatigue properties one which 
always, and think quite rightly, raised regarding any 
new material. There appears tendency for the 
fatigue characteristics class material, such as, 
for instance, the aluminum alloys, deteriorate the 
ultimate strength increased either alloying 
heat treatment. While may bit early the 
development ultra high tensile steels make positive 
statements this regard, does appear from the results 
available date that, while the fatigue life high stress 
levels relatively rather less for this material than for 
the more common aluminum alloys and lower strength 
steels, the endurance limit this steel considerably 
higher than the latter. Figure shows fatigue curves 
plotted the ratio the maximum stress the fatigue 
cycle the ultimate tensile strength versus the number 
cycles for the conditions stress ratio equal —1.0 
and with stress concentration factor 

might deduced from examination these curves 
that the use ultra high tensile steel for the construction 
undercarriage would not sound proposition 
since the material relatively poor fatigue the 
high stress, low cycle region and the loading conditions 
for undercarriage would appear just that. How- 
ever, this not necessarily true. The vast majority 
landings and brake applications, which are the main 
sources loads the undercarriage, not produce 
loads representing more than very small fraction 
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SAE 4340, HT190 KSI 


Figure 
Comparative fatigue curves 


the ultimate strength the undercarriage, say for the 
sake argument 25%. Loads approaching the ultimate, 
more correctly limit strength, are encountered only 
when the aircraft stalled meets with obstructions 
such the edges runways, crash barriers etc. think 
safe assume that these conditions should not occur 
frequently. addition, the curve shown for ultra high 
tensile steel derived early information and 
quite possible that considerable improvement will 
fact achieved the quality the basic material 
improves. Included Figure are the results two 
tests threaded-joint specimens Dowcan 110 steel 
heat treated 270,000 psi, the test conditions being 
axial load, stress ratio equal zero. These results can 
considered more representative the conditions 
actual undercarriage. 

The term “static fatigue” has come into fairly general 
use with the advent steels heat treated beyond 200,000 
psi ultimate. This term probably owes its existence 
the characteristic shape the curve stress produce 
failure versus the time failure, plotted logarithmic 
scale, which resembles the normal S-N curve that 
has precipitous drop, followed transition limiting 


value stress, below which failure occurs. 


The phenomenon does not fact appear differ 
significantly from what has, the past, been called 
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Static fatigue curves 
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creep failure. The factors which have caused the term 
“creep” abandoned this case are that the failure 
occurs much shorter time and lower values 
stress than those which are commonly associated with 
creep failures. 


Figure are plotted two curves, the uppermost 
showing the results series tests conducted 
4340 steel heat treated 280,000 psi using unplated 
specimen and the lower curve showing the same 
heat treated 230,000 psi and cadmium plated. Bearing 
mind that 10,000 minutes are approximately one week, 
this rather startling curve and must admit were 
somewhat startled (our Metallurgist certainly was) when 
produced the result which plotted the right 
hand side the figure. This result represents test 
Liquid Spring pressure vessel, produced from steel 
conforming SAE 4340 specification, heat 
270,000 psi, which suddenly gave the ghost, after 
being continuously subjected internal hydraulic 
pressure approximately 44,000 psi for period 
weeks. should noted that this steel was 
although its transverse and longitudinal properties were 
excellent. Figure photograph the failed 
specimen. 

There have been many reported instances static 
fatigue failure service, especially the United States 
where interest ultra high tensile steel has been wide- 
spread. The fact that, for SAE 4340 steel, this type 


Figure 
Liquid Spring failure 
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Figure 
Drop testing 


failure appears occur with regularity the region 
between 200,000 and 230,000 psi ultimate, probably 
accounts for the fact that 200,000 psi has been for 
many years considered the maximum allowable heat 
treatment for this type steel. 

One cheerful aspect the problem static fatigue, 
relative landing gear, the relatively short time re- 
quired for the curve become asymptotic; which means 
practice that the time the aircraft has been built 
and prepared for its first flight there little likelihood 
the occurrence static fatigue failure. This would 
certainly not the case for member such wing 
joint whose maximum steadily applied load occurs 


flight. 


TESTING 


description project such this would 
complete without some reference the testing which 
has become more and more the design 
modern aeroplane. From the worm’s eye view, one 
the most important features landing gear its ability 
absorb energy under the conditions occurring during 
the landing. Extensive drop-testing the shock absorber 
was undertaken almost two years ago. Since under- 
carriage was available that time, the essential geometry 
the undercarriage was mocked for test dummy 
structure. Figure shows drop testing the main 
undercarriage shock absorber our large drop-test 
machine, the right hand side, and the nose shock 
absorber the smaller machine, the left hand side. 

various components have become available, 
extensive program strength tests and functioning and 
wear tests under variety environmental conditions 
has been undertaken with the object providing 
airworthy and trouble free end product prior first 
flight. 

Typical these are the tests shown Figure 
and 17. Figure shows torsional strength test 
critical portion the gear the region the torque 
links and Curvic coupling. Figure shows the test 
set-up used investigate the performance the Liquid 
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Figure 
Torsional strength test 


Spring and recuperator under extremes temperature. 
This rig designed permit rapid loading the shock 
absorber our large temperature chamber low and 
high temperatures. 


CONCLUDING REMARKS 


Space has permitted the inclusion only the high- 
lights this program. Even so, trust that have 
succeeded conveying you some the significant 
aspects this new development the materials field. 

certainly appreciate having had the opportunity 
introducing its use Canada and look forward 
the continued future use this and higher strength 


Figure 
Environmental testing Liquid Spring 


steels with some measure confidence result 
our experience date. 

Undoubtedly, this fertile field for some basic 
research our Universities and Government labora- 
tories and our Company would certainly cooperate 
whole-heartedly any such program. this paper 
should serve other purpose than generate such 
interest, should consider the time and effort expended 
its preparation well spent. 

Finally, should like acknowledge, with thanks, 
the able assistance colleagues, Mr. Stratford, 
designer the undercarriage, Mr. Patell, our 
Metallurgist, and Mr. Norman our Sales and Service 
department the preparation the paper and the per- 
mission granted Messrs. Avro Aircraft Limited 
publish it. 
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SOME ASPECTS HELICOPTER ICINGt 


Stallabrass* 


National Research Council 


SUMMARY 


The paper opens discussing the requirement for icing 
protection system for helicopters and describes how the National 
Research Council approached this problem. The special spray 
rig, constructed for the in-flight study the phenomenon and 
for the testing protective systems, described. The effects 
rotor blade icing the performance and handling the 
helicopter are discussed together with special design considerations 
due icing items other than primary lifting surfaces. Methods 
protection are reviewed, with particular emphasis electrical 
methods. 


INTRODUCTION 


have all heard the expression “Time spare, 
air” and most you have experienced the frus- 
trating delays due adverse weather conditions the 
slowness surface transportation from city business 
centre the airfield many miles away. venture 
say that perhaps one two you have remarked that 
these frustrations will thing the past when 
have large passenger helicopters providing aerial 
taxi service between city and airfield, feeder line 
services airfields outside the region adverse weather 
conditions. don’t wish embark upon discussion 
the economic factors involved the foregoing 
suggestion, except say that order reduce the 
cost operation acceptable figure, say cents 
per seat-mile, very high utilisation will have 
maintained, necessitating night and all-weather opera- 
tions. According the all-weather operation 
helicopters presented recently the Helicopter 
Association London, present knowledge 
niques indicated that should possible maintain 
schedules with visibility 200 and cloud base 
200 ft; however these limits need substantially 
reduced obtain the high utilisation required. 


the military field too the helicopter has already 
found many and varied tasks, but its true capabilities will 
not realised until becomes truly “all-weather” 
machine. 

Tasks common both military and civil operators 
which are seriously handicapped bad weather 
present include: 

(1) Search and rescue operations remote inac- 
cessible regions sea; for instance, the search for 
missing TCA North Star British 
winter was hampered poor weather conditions. 


read the Annual General Meeting the 
Ottawa the 28th May, 1957. 
*Assistant Research Officer 
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(2) The rescue flood victims, such the floods 

Holland 1953, the more recent disaster 
Connecticut; incidentally the Dutch floods provided 
one the first reported incidents helicopters being 
forced land due rotor blade icing. 

(3) The supply northern outposts either from 
supply ship from ground bases. 

(4) Medical evacuation wartime, civilian mercy 
missions. 

has now become normal practice for northern 
patrol ships and ice breakers carry helicopters 
provide advance information regarding navigation 
through ice fields into out ice-bound harbours, 
for the supply shore basés. and perform mercy 
missions. These ships now accomplish great deal more 
with the use helicopters than could have been done 
otherwise, but how more could done the 
aircraft were capable all-weather operation? 


Essential pre-requisites for such all-weather operations 
are automatic stabilization, suitable 
sentation, suitable navigation and instrument approach 
aids and rotor blade de-icing. this latter pre-requisite 
which provides the basis for this paper. 


THE TASK GIVEN N.R.C. 


1953, the basis the few existing reports 
helicopter icing, the Royal Canadian Navy asked the 
National Research Council investigate the subject 
with the object determining quantitatively the effects 
icing handling and performance and developing 
system icing protection. 

achieve the first objective, dealing with the effects 
icing, was necessary actually the helicopter 
icing conditions. Since searching out and flying 
natural icing was obviously out the question, seemed 
necessary produce icing cloud suffi- 
cient height above the ground permit flight 
without ground effects. 

regards the second part the investigation, that 
icing protection, was felt that known techniques 
derived from fixed wing experience were available 
protect windshields, stub wings, stabilizers, tail rotors 
and various small components, that the main emphasis 
the investigation could devoted the protection 
the main rotor blades for which existing techniques 
were not available. 

Accordingly then, late 1953, arrangements were 
made construct spray array produce simulated 
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icing cloud, the RCN provided Bell HTL-4 heli- 
copter (civil designation type-47) and electro-thermal 
de-icing pads for the rotor blades were designed and 
contracted for manufacture. 

would like defer discussion the choice 
protection system until later and describe now the 
spray rig used. 


ICING CLOUD SIMULATION 


Icing conditions have been simulated refrigerated 
wind tunnels for many years producing cloud 
supercooled water droplets means aig atomizing 
spray nozzles. This method was adopted larger 
scale. was estimated that the required size and density 
the cloud would need 14,000 water per hour. 
Even with low ratio 1:1 mass flows atomizing 
air water, was obvious that insufficient compressed 
air was available and was decided use steam the 
atomizing gas. 

The advantages steam were that large amounts 
were easily obtainable and that the heat from the steam 
would help prevent freezing the water supply 
pipes and nozzles. Its disadvantages were that steam, 
due condensate reaching the nozzle, apt cause 
“spitting” which responsible for large droplets occur- 
ring the spray; steam apt cause instability 
the average spray nozzle; and steam, condensing the 
atmoshpere, gives rise immense numbers very tiny 
droplets outside the desired spectrum. 

Nozzles were selectéd that gave the desired char- 
acteristics and spray assembly consisting 151 
these commercially available nozzles was constructed. 
This assembly was mounted light, aluminum angle 
frame, diameter, which was suspended horizon- 
tally above the ground from three cedar 
poles (Figure 1). Steam and water were supplied through 
flexible rubber hoses thus permitting the entire spray 
assembly raised and lowered for servicing 
the nozzles. 

The test rig was not ready for operation until the 
end March 1954, with the result that was possible 
tests only four days the beginning 
April, for necessary for the ambient air tempera- 
ture below freezing. 


36FEET DIA 


SFEET TO 
GROUND 


TETHERING 
POINT 


TOFOOT CEDAR SUPPORT POLES: 


Figure 
Original form spray rig 
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Figure 
Helicopter flight under sprays 


Two methods flying the cloud had 
adopted. One, shown Figure was used when the 
wind speed was below mph. The machine was flown 
under the spray assembly, but tethered the ground 
nylon rope prevent from rising too high. 
This procedure not recommended for the following 
reasons: 

(1) Due the immense number condensed steam 
droplets the spray, visibility the cloud was some- 
times less than ft. This was dangerous. 

(2) There was tendency for the cloud neck 
down toguch extent that the rotor blade tips were 
out the cloud unless the aircraft was positioned very 
accurately, which could not done the poor visi- 
bility. 

(3) After the helicopter had been forced land be- 
cause icing, the continued momentum the rotor 
caused downdraft which continued draw the icing 
cloud over the rotor blades even though 
copter was slid hopped from under the 
assembly. sometimes took longer get clear the 
cloud after landing than had been spent flying the 
cloud, with the result that was impossible determine 
the amount ice accretion which had actually caused 
the descent. 

When the wirid speed was greater than mph 
continuous horizontal cloud was produced which 
stretched several hundred feet downwind from the rig. 
Under these conditions the helicopter was hovered 
some 200 from the sprays and just under the cloud, 
which was sucked down over the main and tail rotors, 
leaving the canopy fairly clear (Figure 3). Breakaway 
from the icing conditions was achieved descending 
sideways. 

This technique permitted hovering good visibility 
and sharp breaking off the icing encounter. The icing 
condition was not uniform and some agility was required 
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Figure 
Helicopter flight downwind sprays 


keep the cloud, but this intermittent and variable 
condition not unnatural feature, although course 
does make impossible define the icing condition 
other than broad terms. 


IMPROVED SPRAY RIG 
This spray rig was designed with the intention 
that the helicopter should fly under the spray assembly 
but, view the obvious danger involved this 
operation, one outcome these four days tests was 
the conclusion that certain changes the design the 
rig would have made. The first requirement seemed 
avoid flying within enclosure nozzles, 
guy ropes and poles. was felt that serious loss 
testing time would result neglecting days 
which the windspeed was below mph and carrying 
out tests ohly the elongated cloud produced down- 
wind the sprays. These considerations led the idea 
vertical curtain spray nozzles supported 
single unguyed pole such manner that the sprays 
could rotated conform with the prevalent wind 
direction. The sketch (Figure shows 
the form that the new spray rig was take. The 
curtain spray nozzles, 143 number, and the network 
distribution pipes were supported steel angle 
frame, which was wedged shape section provide 
lateral stiffening. This frame was mounted 
steel mast electric hoist situated the base 
the mast. The pulley the top the mast was 
mounted thrust bearings, thus permitting rotation 
the frame conform the wind direction. This 
rotation achieved manually means two ropes 
connected two extreme ends the frame; when 
the desired direction the two ropes are tied tethering 
points the windward side the mast. The helicopter 
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was now able fly quite close proximity the 
rig without fear obstructions. test hut situated 
the base the pole and houses all the controls and 
meters for the operation the sprays. Figure which 
shows the rig operation, illustrates clearly the points 
mentioned and shows also two later additions, one, 
anemometer for windspeed measurement 
other, two large hooks mounted the thrust bearing 
the head the mast, which engage with the frame 


-carriage when the raised position, thus providing 


Figure 


Figure 
Present spray rig operation 
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measure safety relieving the strain the 
cable. 

The construction this new spray rig was com- 
pleted the end January 1955 and icing flight trials 
commenced early February that year and continued 
until the end March. The flying technique adopted 
with this new rig was essentially the same that used 
with the original rig under windy conditions, that 
say that the aircraft was hovered some 100 down- 
wind the sprays and just beneath the cloud. Needless 
say the Navy pilot allocated for these trials was much 
more happy about this arrangement. 


the end these two months tests was 
obvious that certain modifications were still necessary 
this improved rig. These were directed mainly towards 
the prevention freezing the lines during non- 
operating periods; extra drain valves were provided 
the distribution network the frame itself, improved 
thermal insulation was used and means avoiding low 
spots the flexible hoses were effected. Other modifi- 
cations included the installation water booster pump 
boost the supply pressure, more effective water 
filters, improved instrumentation and anemometer 
and windvane for wind velocity measurements. Another 
drawback was that the heating the water the 
adjacent steam lines caused mineral deposits form 
the body the nozzle; these built and finally 
blocked the water orifice. This was remedied in- 
stalling bank base-exchange softening cy- 
linders the water line. mentioned earlier, hooks 
were mounted atop the mast safety precaution. Apart 
from the need for these modifications, was felt that 
this spray rig performed its function most adequately 
and was further concluded that larger helicopters than 
the Bell could successfully tested with this facility. 
This rig has therefore been used essentially 
further modification for the past two winters and 


machines such the Sikorsky HO4S (civil designation 


Figure 


Bell helicopter undergoing icing performance and 
handling trials 
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Figure 


Sikorsky HO4S helicopter undergoing icing performance 
and handling trials 


and the Bristol Sycamore have been flown the 
cloud. 


TESTS PERFORMED 


brief rundown the tests performed using these 
two rigs follows: 


(1) The preliminary trials performed with the first 
rig were more less exploratory nature. Bell 
HTL-4 was used which had electro-thermal de-icing pads 
mounted its main rotor blades. Electrical power 
energize these de-icer pads was supplied 
ground through trailing cable. The performance 
this test, although brief, showed how surprisingly sus- 
ceptible this helicopter was icing. Small amounts 
ice accretion, only about 3/16 thickness, appeared 
more than sufficient prevent height being maintained 
hovering flight. The de-icer pads proved unsatisfactory 
for the purpose and result conclusive results 
were achieved. was evident however that the desi 
electro-thermal de-icing pads for rotor blades would 
very much more critical than the case fixed 
wing work. result considerable design, develop- 
ment and testing work has been done various types 


(2) the first year operation the present rig, 
performance and handling trials the Bell were 
performed icing conditions, Figure but yet 
heater pad manufacturer had been found who was 
position attempt the de-icer pads 
meet the stringent NRC specification. 

(3) The following winter saw performance and hand- 
ling trials Sikorsky HO4S, Figure this time 
specification for de-icer pads was the hands 
manufacturer but the finished product was not 
available until the icing season had concluded and even 
then was found that the pads were unserviceable. 
regretfully had conclude that this particular type 
manufacture heater pad, although adequate for 
laboratory samples, was not sufficiently developed for 
full scale use. Accordingly different manufacturer was 
approached produce pads for tests this last winter, 
but again delivery was not time for the test season. 


(4) This last winter, tests were conducted behalf 
and co-operation with the British Ministry Supply 
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Figure 
Bristol Type 171, Sycamore, helicopter undergoing icing and 
de-icing trials 


Bristol Sycamore helicopter, Figure fitted with 
experimental electro-thermal de-icing system. This 
system, although not perfect inasmuch was 
attempt, has nevertheless proved the feasibility electro- 
thermal de-icing for rotor blade short 
test programme was also run icing detector for 
helicopters, using again the Bell HTL-4 the test 
vehicte. 

mentioned earlier, testing has been performed 
the Laboratory de-icer pad developments. For 
this work, the whirling rig Figure installed 
cold chamber the Low Temperature Laboratory, has 
been extensively used. Sample de-icer pads are mounted 
the outer ends the diameter rotor and icing 
conditions are simulated spray nozzles positioned 
beneath the rotor disk. this ay, the electrical energy 
required for de-icing can controlled closely and the 
ice shedding process can observed visually means 
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Whirling arm for testing samples helicopter rotor blade 
de-icer pads 


October; 1957 


stroboscopic lighting. Using apparatus, many 
samples different manufacture and configuration have 
been tested and compared and the effect small 
design changes rapidly evaluated. 


ICE ACCRETION ROTOR BLADES 


Perhaps the most interesting and instructive aspect 
these tests has been the study the ice accretion 
the main rotor blades. The essential differences be- 
tween the accretions rotor blades and those occurring 
fixed wing aircraft are due to: 


(a) smaller scale 
(b) the variation airspeed with span 
(c) the cyclicly changing pitch the blades and 


(d) the cyclic variation airspeed any given 
radius conditions forward flight. 


Due this wide range incidences and velocities, 
there very considerable variation the rate and 
extent catch the helicopter blade rotates. 
result becomes impossible predict ac- 
curately, the manner the classic Dickey, 
the form and extent the ice accretion. However since 
over that part the blade radius that matters most 
the forward velocity low comparison with the 
rotational velocity, the resultant ice accretion approxi- 
mates the blade pattern. The effect the 
variation velocity with rotor span produce 
gradually changing shape and type ice accretion 
along the blade. For instance, depending the tempera- 
ture and liquid water content, the ice accretion may 
start the tip mushroom type glaze icing, 
changing gradually the radius decreases into 
intermediate spearhead shape, which turn changes 
into type knife-edge icing the root end the 
blade. Figure illustrates the three basic shapes ice 
accretions. This variation shape along the span 
secondary effect the velocity inasmuch 
kinetic temperature, and hence the surface temperature, 
function this parameter. 

apparent discrepancy ice shape the non- 
streamlined form rime ice that observed near the 
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Figure 
Unusual form rime ice occurring near rotor hub 


hub; this form comprised number rime fingers 
extending forward from either side the stagnation 
point, which may itself relatively free ice; this 
phenomenon, not uncommon with low air velocities, 
occurs when the collection efficiency the collector 
sufficiently low permit accretion surface rough- 
ness progress greater rate than that the stag- 
nation point. This type formation illustrated quite 
well Figure where the appearance almost that 
mushroom formation. 

Figure 12, calculated for Bell helicopter 
ambient temperature -12°C and droplet diameter 
microns, illustrates clearly the large effect that 
liquid water content has determining the type 
the ice accretion. For instance, the bottom curve, drawn 
for liquid water content 4.1 g/m*, shows that 
knife-edge ice extends from the root the blade 
about span, that spearhead ice extends from there 
about 94% span and that only the final the 
blade has mushroom ice. However, 0.5 liquid 
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Figure 
Effect liquid water content rate accretion 
and ice type 
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water content, knife-edge ice extends only 19%, 
spearhead 40% and mushroom ice covers the outer 
60% the blade. 1.0 mushroom ice extends 
over the whole span the blade. 


correlation exists (as pointed out Reference 
between the shape the ice accretion and the freezing 
fraction (i.e. the fraction the deposited water which 
freezes within its impingement area). This correlation 
indicated the figure; knife-edge ice occurs when 
all the water freezes impact (i.e. freezing fraction 
spearhead ice occurs the region be- 
tween unity freezing fraction and the critical freezing 
fraction, which that freezing fraction which pro- 
duces neither convex nor concave accretion, gener- 
ally having value about 2/3; mushroom ice occurs 
when this fraction less than the critical value but 
greater than zero. 


Figure shows also the rather surprising fact that 
the water content increased from 0.1 1.0 
factor 10, the maximum rate icing, and hence 
the maximum thickness the accretion, only increases 


The ice thickness far more dependent upon the 
temperature, indicated Figure 13, which plotted 
for liquid water content and droplet 
size microns. shows conversely that ice shape 
less dependent temperature than water content, 
lines for unity and critical freezing fraction being shown 
delineate the regimes. 


Both Figuges and show the manner which 
the ice thickness varies along the span. Generally speaking 
the thickness greatest somewhere around mid-span, 
corresponding the point maximum heat loss, which 
large extent independent temperature and 
liquid water content. 


The spanwise extent ice the stagnation point 
corresponds the radius which the freezing fraction 
tends The maximum spanwise extent icing 
the blades greater than the stagnation line, since 
water impinging the region where the stagnation 
line freezing fraction may run back and freeze aft 
the stagnation line; the ice formation produced 
extreme form mushroom icing which the stagnation 
point completely free ice. Figure 14, taken from 
actual icing tests Bell helicopter, plot both 
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Figure 
Effect temperature rate accretion and ice type 
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Figure 
Spanwise extent icing rotor blade 


the stagnation line extent and the maximum spanwise ex- 
tent icing against ambient temperature. 


The chordwise extent icing also varies along the 
the span the blade. the upper surface this extent 
usually fairly limited, seldom exceeding about chord 
measured from the leading edge. the under surface, 
however, due the high incidence the retreating 
blade, impingement may extend right the trailing edge, 
particularly toward the blade root; Figure illustrates 
this extensive catch area the under surface. Surface 
roughness, however, undoubtedly has the effect in- 
creasing this area regions low velocity. Under 
conditions high forward speed, there may 
area reverse flow the blade root tending cause 
ice collect the trailing edge, but the velocity and 
therefore the catch rate are low. the outer two thirds 
the span, the chordwise extent the under surface 


The effect centrifugal force the accretions 
the blade prodnce self-shedding the ice, which 


Figure 
Extensive catch area undersurface blade near root 
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ROTOR BLADE RADIUS—% 


-5 


AMBIENT AIR TEMPERATURE — C 


ROTOR SPEED 
265 RPM. 


-15 ROTOR 49 ff. 


X-TEST 


Figure 


Observed limits self shedding along the span versus 
ambient temperature with various ice accretion thicknesses 
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occurs when the mass certain portion ice has 
grown such extent that the centrifugal force 
exceeds the adhesive forces. Since the density the 
ice greater and the adhesive forces are less higher 
temperatures, self-shedding occurs more readily higher 
temperatures with smaller amounts ice (Figure 16). 
Very flexible blades have tendency promote self- 
shedding some degree, owing tendency pro- 
duce lateral cracking the ice, thus removing the 
tensile restraint and leaving only the shear force between 
the ice and blade overcome. 


THE EFFECTS ICE THE BLADES 


The primary effect ice accretion the main 
rotor blades increase drag, resulting drop 
rotor rpm which may corrected increase 
the throttle setting. the ice builds up, the throttle 
setting progressively increased until finally the maxi- 
mum permissible manifold pressure attained, where- 
upon with further icing the rpm can longer 
maintained, resulting loss altitude. Increase pitch 
maintain altitude will further reduce rpm although 
delaying descent for short while; finally the aircraft 
sinks rapidly the ground. Whether not helicopter 
will reach this final state inability fly will 
mainly the excess power available, which func- 
tion the helicopter design itself, its all-up weight and 
its flight speed. Given enough excess power, may 
possible achieve state equilibrium which the 
rate ice accretion balanced the rate self- 
shedding; was the case with the Sycamore 
high ambient temperatures. the case the Bell 
HTL-4 however, little more than minutes flight 
moderate icing conditions can expected, whilst 
the Sikorsky HO4S may possibly survive about 
minutes moderate icing. 


has been noticeable from these tests that the ice 
accretion has had negligible effect the lift coefficient 
the blades, evidenced the fact that little 
increase collective pitch was necessary maintain 
height during icing tests while power was increased. 
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The moment coefficient too seems little affected and 
cyclic control difficulties were encountered. 


There are several secondary effects due icing 
the main rotor blades and these include: 


(1) Vibration. Because asymmetric self-shedding 
ice, vibrations the fundamental rotor frequency are 
set up; possible for these vibrations extremely 
severe necessitating the immediate landing the heli- 
copter, although more frequently further 
tends restore symmetry some extent thus reducing 
the level vibration. 


Extreme case asymmetrical self-shedding from the tail 
rotor 
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(2) Damage Due Flying Ice. Again, due the self- 
shedding large pieces ice, there danger causing 
damage the helicopter. 


(3) Throttle Limitation. certain forward speeds re- 
quiring low collective pitch, ‘is possible come 

against the throttle stop due the increase throttle 
opening necessary overcome the increase blade 
drag, whilst the collective setting remains constant. 
This inter-connection between collective pitch and 
throttle may, therefore, prevent maximum power being 
obtained under certain flight conditions. 


ICING OTHER COMPONENTS 


Although the main emphasis the tests carried 
out the NRC has been concerned with ice, 
the main rotor blades, the effects icing other 
components have not been overlooked. Next im- 
portance the main rotor blades, the main 
rotor configuration helicopter, the tail rotor. This 
rotor runs approximately the same tip speed the 
main rotor but, owing its smaller scale, has higher 
catch efficiency; its rate icing is, therefore, consider- 
ably higher than that the main rotor. The higher rate 
icing, together with the narrower area adhesion and 
centrifugal forces approximately ten times those the 
main rotor blades, results much more frequent and 
efficient self-shedding the tail rotor blades. One effect 
this has been that adverse aerodynamic performance 
has been experienced during any the tests. However, 
two adverse effects due the self-shed ice are 
importance. Firstly, the thrown ice constitutes damage 
hazard; for instance, the Sikorsky machine tested, 
dents were caused the stabilizers, whilst with the 
Sycamore considerable denting the stainless steel cover 
the de-icer mates was caused the tip regions the 
main rotor blades. Secondly, asymmetrical self-shedding 
the tail rotor occurs far more readily than the 
case the main rotor, (Figure shows extreme case 
this) due the higher rotational speeds, resulting 
extremely severe vibrations which necessitated 
several occasions the discontinuance the test. 


Icing the control rods and links the main rotor 
did not cause any adverse effects, but one should care- 
ful not generalize from the experience these tests 
and keep mind that these controls are potential 
danger point, especially higher speeds. However, 
lower speeds, the low velocity the rotor 
gether with the continual movement the controls tends 
eliminate this danger. The greatest danger this 
region from icing the centrifugal 
and here were fortunate being able compare 
two different designs, one the Sikorsky HO4S and 
the other the Sycamore. That the Sikorsky, seen 
Figure 18, incorporated bad feature, far icing 
concerned, inasmuch the return spring supporting 
collar was sliding fit the cylindrical body. With the 
blade stop retracted flight, the spring 
exposing the body the air stream, thus permitting 
become iced. Although collection poor this re- 
gion, even small layer ice was sufficient prevent 
the spring from returning when the rotor speed was 
reduced; this several occasions, necessitat- 
ing one occasion long minutes stick 
stirring before the stops engaged. the case the 


Canadian Aeronautical Journal 


Figure 
Icing rotor hub mechanism Sikorsky HO4S helicopter 


Figure 
Icing rotor hub mechanism Bristol 


Sycamore, Figure 19, the droop stop and return spring 
are positioned under ‘the rotor hub, almost 
completely shielded from icing. However, the bob 
weights extend into the air stream during flight and 
accrete some ice; the effect here that the incfease 
weight due the ice will cause the bob weights 
return rather lower rotor speed than normal, 
serious difficulty was encountered however. 


Air intakes, filters etc., are susceptible icing and 
some thought should given this the designer. 
The use inlet plenum chamber for air 
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for all purposes, the Sikorsky, good since 
certain amount liquid water present will get deposited 
out non-critical regions and the individual internal 
intakes, filters etc., can located derive benefit 
from the heat the engine. Care should taken though 
ensure that the main air inlet itself will not become 
restricted due icing, which may possible the 
case the Sikorsky (Figure 20), and the wide spaced 
louvres the Sycamore are preferred (see Figure 
11). bad feature present both these machines that 
control linkages are situated just within these intakes, 
unprotected baffles, and are exposed the dangers 
icing. 

The rest the helicopter comparatively poor 
collector account its large scale and relatively 
low air velocity over and, result, serious 
icing trouble may expected, except perhaps the 
tail cone higher flight and freezing rain. 
few occasions rime fingers built the tail 
cone the Sycamore and particularly the round 
head rivets, shown Figure 21; longer flights 
thought the several pounds ice could build 
the form these ice fingers possibly affecting cyclic 
control. 


Except conditions high flight speeds and 
freezing rain, little trouble expected from icin 
the windscreen, although has been observed that 
turbulence the downwash has resulted frost-like 
formations the side window panels. 


ICING PROTECTION 


Regarding the question whether icing protection 
necessary and, so, which items should protected 
and what means, think foregoing remarks have 
enough evidence that some type protection 
necessary. However, will run over the various items 
enumerating reasons and offering suggestions the 
best means protection. 


Figure 
air intake Sikorsky HO4S helicopter 
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Figure 
tail cone Bristol Sycamore helicopter 


Main rotor blades. 

These tests have proved conclusively that some type 
rotor icing protection necessary, for the following 
reasons: prevent the serious drag increase produced 
icing; prevent dangerous vibrations due asym- 
metrical self-shedding the ice; and eliminate the 
danger from large pieces thrown ice. 


Consider first thermal anti-icing means 
protection. Since water running back from 
leading edge and near the trailing edge may 
cause serious unbalance the blade and possible blade 
flutter, becomes necessary wet anti-ice the entire 
surface the blade alternatively supply sufficient 
heat, the impingement area only, evaporate entirely 
all the impinging water. these methods 
the heat requirements are certain prove prohibitive, 
particularly low temperatures high water con- 
centrations. 


Chemical means anti-icing feasible 
and development work along these lines presently 
proceeding Great Britain; one method distribute 
anti-icing fluid along the span blade through 
porous leading edge, but this method would appear 
have serious drawbacks from the point view 
dust collection and rain erosion. 


Considering next de-icing methods, think can 
overlook mechanical means de-icing, such 
matic boots, account the small leading edge radii 
involved and because possible adverse aerodynamic 
effects and direct our attention thermal methods. 
Here have choice hot gas electro-thermal. 
hot gas systems appears attractive, particularly cases 
where hot gases are readily available from the propul- 
sive system and where metal blade employed, having 
hollow -shaped leading edge. Disadvantages this 
system are high thermal inertia and difficulties pro- 
viding the desired heat distribution. system éléctro- 
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thermal de-icing was chosen the National Reasearch 
Council for the following reasons: electro-thermal heater 
mats may readily attached externally existing 
rotor blades; exact control the quantity heat 
used and its exact distribution possible; using thin 
heater pads high thermal efficiency would possible 
reduce. thermal inertia minimum, requirement 
necessary prevent undesirable runback. The distribu- 
tion electricity may achieved more simply than 
that hot air. Considerable economies 
with electro-thermal system using the principle 
cyclic de-icing; the heater pads each blade are 
divided into several zones and cyclic shedding 
formed symmetrically. For the coming generation 
helicopters, estimated that total power requirement 
about kilowatts will required for rotor blade 
de-icing. 

The use fully automatic controls considered 
essential ensure good, clean shedding and mini- 
mise runback. Other are conserve 
energy and relieve the duties the air crew. 


Tail rotor blades. 

the case the tail rotor, such torque com- 
pensator not now thing the past owing multi- 
rotor designs jet some form ice protection 
has been shown necessary prevent damage due 


‘to thrown ice and eliminate serious vibrations 


unbalance. considered that electro-thermal 

tection probably the only feasible method for the tail 
rotor. Owing the high ice collection 
rotor and its greater tendency for self-shedding, the 
de-icing cycle requires much higher frequency than 


that the main rotor; approximately five times 


frequent seems 


Windscreens 

Windscreens, although they present little problem 
low flight speeds, require some type anti-icing 
against icing high forward speeds 
freezing rain any speeds. Fixed wing aircraft means 
may used, such alcohol spray conjunction with 
wind screen wipers, heated glass panels. 


Stub wings etc. 

Normal fixed wing practice can used the.case 
stub wings and stabilisers and for many other smaller 
components the machine, but special consideration 
may have given large stagnation line travel, 


particularly the stub wings. 


ICING DETECTION 


time gave some thought the overworked 
pilot, who, controlling hovering helicopter, can 
maintain fixed position which would require the 
simultaneous solution equations done com- 
puter. Obviously must not upon solve 
additional equations imposed icing and there- 
fore necessary provide some sort automatic icing 
detection equipment, not only give immediate warning 
the pilot that icing condition exists, but also 
initiate and control the automatic de-icing action which 
essential efficient performance the de-icing 

The ice detectors present use conventional fixed 
aircraft rely the forward air speed the air- 
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craft for their operation. Since the case helicopters 
forward air speed may non-existent, further de- 
velopments are necessary before detector for 
helicopters becomes available. Side side, therefore, 
with the icing performance tests and the development 
de-icing system, the NRC conducting 
gramme development suitable icing detector. 


CONCLUSION 


conclusion, shown the contents this 
paper that the effect icing helicopter operations 
may major one and because the nature the opera- 
tion may demand high utilization factor military 
necessity, adequate solution the problem im- 
portant. The work done the NRC has done much 


towards the understanding the problem and given 
tentative direction for its solution. 
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SYMPOSIUM 


Foreign Objects Aircraft, Engines and Airborne 


Equipment 


symposium, consider ways and means minimizing the hazards created 
the presence foreign objects aircraft, engines and airborne equipment, will held 


Ottawa the 24th October 1957. 


will consist open discussion the problems involved and will broken 


down under the following main headings: 


(a) Operations and Maintenance 


(b) Manufacture 
(c) Design Requirements 


the conclusion the discussion the results will and hoped 
that will possible issue specific recommendations regarding future practice. 


The meeting will occupy the full day. 


Admission restricted members the C.A.I. I.A.S. and representatives 
those Sustaining Members, other Companies and Government Departments which 


invitations have been sent. 


Further particulars can obtained 


The Secretary, 


Canadian Institute, 
Metcalfe Street, 


Ottawa, Ont. 


October, 1957 
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DEVELOPMENTS FOR 


Westinghouse Electric Corporation and 
Canadian Westinghouse Company Limited 


recent years the concept weapons systems has 
dominated all military planning affects aircraft 
and aircraft equipment. makes sense start with 
mission requirement and then develop the air vehicle, 
its equipment and its ground support carry out the 
mission. The chief impact this has aircraft equip- 
ment, including, course, aircraft electric systems, 
conflict between the desire for highly specialized equip- 
ment the part the weapons system contractor and 
the desire for economy and standardization the part 
both the equipment manufacturer and those respon- 
sible for logistic support aircraft. 


SYSTEM DESIGN 

tinction between system requirements and equipment 
requirements. Such distinction hard maintain, since 
better performance equipment and better performance 
systems will always inextricably interwoven. The 
distinction may readily grasped, however, the as- 
sumption made that the electric system designed has 
available any standard component that could possibly 
required set system meet the requirements 
the basic weapons stem. The standard componenis 
can always designed better performance than 
the system minimum requirements long the penalty 
for that better performance does not compromise the 
performance the weapons system. Thus, infinite 
number systems could designed and supported 
large but finite number components. 


convention, the term “aircraft electric system” 
refers primary system delivering power one 
more main busses. does not refer the multitude 
secondary electric systems usually found any air- 
craft. The primary power system most modern 
military aircraft and large transport aircraft (subse- 
quent the DC-7 and the Constellations) three- 
phase alternating current. The universal objective all 
electric system designers assure continuity power 


the main bus. From this point two systems are 


talk given before the Ottawa Branch the 
the 13th March, 1957. 


*Assistant Sales Manager, Aircraft Equipment Department. 
**Application Engineer. 
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POWER 


designed meet exactly the same requirements. The fac- 
tors entering into system design proposal are: 


(1) Prejudices (both customer and vendor). 

(2) Amount power required under various flight 
conditions. 

(3) Mission profile. 

(4) Heat sinks available. 

(5) Required accuracy frequency and voltage. 

(6) Performance required under fault conditions. 

(7) Automatic features required. 

(8) Weight and space. 

(9) Shock and vibration. 


most mission requirements system 
gives higher overall weapons system reliability, 
systems have replaced systems. Achievement high 
reliability with equipment difficult large ratings, 
and extremely difficult voltage increased reduce 
transmission line weight. yet more difficult 
operating altitudes and temperatures increase. was once 
believed that power generation had insurmount- 
able advantage ease accomplishing parallel opera- 
tion, but ten years experience the B-36 and 
subsequent aircraft have operation 


Air cooled generator 
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Aircraft voltage regulator 


generators both practicable and reliable. Historically, 
the decision provide the B-36 with electric 
system was dictated its intercontinental mission. The 
success the program was based the ability in- 
dustry make hydraulic drive reality. Although 
now there are practicable ways other than hydraulic 
drives obtain constant speed, such engine-bleed air 
turbines, the hydraulic drive still predominant, both 
number units use and number airplane types 
which installed. Ratings present cover range 
systems with hydraulic constant speed drives have 
been chosen the first three American manufacturers 
develop commercial jet transports. 


SYSTEM DEVELOPMENT 


The B-36 airplane not only was the first operational 
airplane with primary electric power system, but 
was the first airplane the world with what might 
called “engineered” electric system for airplane. 
Operation under both normal and fault conditions was 
studied thoroughly and fault protection provided 
degree that represented major breakthrough from all 
past applications. With the experience .gained the 
B-36, became possible tackle the problem 
completely automatic system, the first version which 


was installed the B-47. Several developments con- 


tributed this program. 


Carbon regulators were used the B-36 and, 
for that matter, many later airplanes. These regu- 
lators, thousands which are still use, are rugged 
and capable excellent performance 
maintained and kept adjustment. The voltage regu- 
lator parallel system must, course, balance 
reactive load well maintain the system voltage level. 
There should between real and reactive 
power sensing. was impossible eliminate all drift 
regulator calibration and this limited the accuracy 
reactive load division. The error amounted about 
24% nominal rated capacity and theoretically, least, 
reduced overall system capacity. contrast, the modern 
static Magnetic Amplifier type regulator has negligible 
drift and uses low-power sensing circuits that the 
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in-phase and out-of-phase components may easily 
isolated. Reactive load division can controlled 
within the perfect value and full theoretical 
system output available without endangering syn- 
chronism thermal limits. Newer and smaller designs 
the regulator using silicon diodes are now available. 
transistorized regulator has been developed 
which has been proven practicable and its use awaits the 
development silicon transistors. 


Another improvement which pays ultimate dividends 
reliability the so-called isochronous governor for the 
constant-speed drive. Originally, speed-droop system 
was used for real load division the B-36. Nominal 
frequency was obtained about 75% load when every- 
thing was adjustment. From no-load maxi- 
mum overload frequency shifted from about 420 
about 380 cycles. When speed droop used for load 
division, small error speed setting causes large shift 
load between machines. make the 
error load division tolerable, the shift frequency 
the load the system changes must considerable. 
Thus, poor load division might overstress the drive 
mechanism and poor frequency regulation handicap the 
performance the electronic black boxes. Perfection 
precision governor sensitive both absolute fre- 
quency and load unbalance has now made possible 
control steady-state frequency plus-or-minus 
(399-401) cycles. This makes the black box de- 
signers happy, makes automatic paralleling feasible, and 
helps eliminate the flight engineer, who spent 
most his time adjusting the load-division controls 
the governor. 

The system for the B-47 required that the generators 
come the bus and automatically parallel, with 
action the part the crew. Protection was com- 
pletely automatic and completely selective, determining 
the system tripping the proper 
machine off the bus. 


GENERATOR DEVELOPMENT 


The first temperature breakthrough has been accom- 
plished with oil-cooled kva generator capable 
operating with cooling oil 300°F. Flight experience 
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has borne out anticipated performance and electrical 
system difficulties have been encountered date. One 
thing that made the oil-cooled generator possible was 
the development brushless generators. The major 
trouble items, such commutators, slip rings, brushes 
and brush rigging, have been eliminated the brushless 
design. order eliminate brushes, integral exciter 
used and the output the rotating exciter fed 
into three-phase, full wave rectifier bridge mounted 
inside the rotor shaft. The output from the rectifier 
bridge goes directly the main rotating field. Regula- 
tion accomplished varying the strength the 
exciter stationary field. 


CONTROL DEVELOPMENT 

complete system, course, consists drive, 
generator, regulator, control and protection assembly, 
including transformers transformer package and 
circuit breaker. most systems used relays for 
control and protection functions. The exciting new de- 
velopment the static decision-making “logic-circuit” 
control and protective panels developed for use where 
eXcessive vibration made electromechanical relays useless. 
The reliability static panels such that they are 
rapidly replacing panels with conventional relays even 
where excessive vibration not problem. Two basic 
approaches have been used. One uses saturable reactor 
types logic circuits and requires special independent 
supply. The other uses transistors and diodes and 
takes power from the main system (with back-up power 
available from emergency source). Although semi- 
conductors (transistors and diodes) are expensive pre- 
sent, their cost decreasing all the time and appears 
likely that the semi-conductor scheme will the ul- 
timate choice. 


FUTURE DEVELOPMENT 

always interesting speculate the future. 
One hopes that simpler schemes will devised one 
usually finds scheme only little more complex 
solve problem which more complex. Generating 
point. There have been nearly many inventors 
constant-speed drives perpetual-motion machines. 
far, the basic principles hydraulic displacement 


Aircraft system control panel 
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Oil cooled brushless aircraft generator 


have worked fairly well long sound engineering 
and competent manufacturing techniques were used. 
Other schemes have had varying degrees success. The 
pneumatic drive, bleeding air from engine compressor, 
the only one achieve any real production status and 
quite few pneumatic drives have quietly given way 
hydraulic drives because. transient performance, 
capacity considerations, because inadequate air 
supply some critical flight condition. 
dream the achievement controlled frequency in- 
dependent rotational speed. Most the schemes pro- 
posed simply put power proportional make-up speed 
into the drive system. This might tolerable 
ratings and small speed variations, but impracticable 
for two three-to-one speed range and for any real 
capacity. The next most popular scheme generate 
rectify wild-frequency AC, and then convert the 
controlled frequency. This has been done 
for small amounts power. The problems develop- 
ing full-scale system operate this principle are 
considerable, but probably not insurmountable. 


The size future electric systems depends many 


complex factors which determine the proportion 


secondary power handled electrically, pneumatically and 
hydraulically. ‘Total secondary power tends 
with aircraft weight. also goes with speed with 
some past experience indicate that 
portionality factor least speed squared. the future 
continues the trends the past, secondary power systems 
are going involve thousands horsepower the 
next 10-20 years. Certainly large percentage the 
total secondary power must electric. 


How shall generate such amounts power? 
long have conventional rotating engines, can 
probably use hydraulic drive. try use 
different method, say solving the problem static 
frequency conversion equipment, immediately intro- 
duce generator problem. Large generators will 
impracticable. Large generators over 
wide-speed range are far from simple engineering prob- 
lems. Add temperatures reaching 800°F more, 
surroundings saturated with intense and 
becomes apparent that the engineers will really busy 
for some time come. 
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HIGH STRENGTH NICKEL-CHROMIUM 
FOR ELEVATED TEMPERATURE SERVICEt 


Young* 


The International Nickel Company Canada Limited 


INTRODUCTION 


nickel-chromium alloys have been recog- 
nized for their oxidation-resistant qualities over the 
past fifty years, has been only within the last fifteen 
years, period corresponding the success the 
aircraft gas turbine, that this group materials has 
gained prominence highly stressed applications 
elevated temperatures. The high temperature components 
this type powerplant, such the turbine rotor 
discs, rotor and stator blades, combustion liners, after- 
burners, tail cones, bolts etc., still constitute the major 
field application for these alloys. However, recent 
trends aero engine development have suggested that 
review such alloys not untimely continued 
development the turbojet engine realized 
through their use. 


The increase thrust and other performance 
acteristics the aircraft gas turbine during the past 
fifteen years has been very impressive. While alloy 
development has permitted significant increase 
turbine inlet temperatures, the high thrust level 
current engines largely due the contribution the 
aerodynamicist and design engineer improving com- 
pressor efficiency. Continuing requirements are com- 
plicated size and weight problems and have created 
renewed interest the potential gain thrust and 
thermal efficiency that increase turbine inlet 
temperature will afford. Fabricated blades permit air 
cooling the use different material system based 
molybdenum ceramic-metal combinations offer 
attractive possibilities. The successful development and 
introduction these alternative methods for increasing 
turbine inlet temperatures will increase the temperature 
requirements for other components and suggest con- 
sideration different applications with different re- 
quirements for high strength alloys. Where 
more modest yet significant gain turbine temperatures 
envisaged, recent developments cast nickel-chromium 
alloys offer the important advantages using existing 
techniques and procedures. 

Should further reasons required justify current 
interest this type alloy, one need only mention 
the ever-broadening application 


read the Annual General Meeting the 
the 27th May, 1957. 
*High Temperature Section, Research and Development Division. 


October, 1957 


products airframe, guided missile, and rockets. 
Peacetime commercial uses include industrial gas and 
steam turbines for mobile for stationary powerplants, 
exhaust valves for gasoline and diesel engines, boiler 
and radiant superheater tubes and such widely divergent 
fields those represented heat treating fixtures, grid 
springs for power tubes, clips for fluorescent lights etc. 


broad sense, the nickel-chromium alloys are 
interest for use the temperature range 1000° 
2000°F with the highest strength wrought alloys being 
used from 1300°F 1650°F. Many factors influence 
the choice material, not the least which are 
fabricating characteristics and cost. Hence the desirabili 
chromium alloys and these are currently interest 
temperatures 1000° 1400°F. 


Interest the specific properties nickel-chromium 
alloys varies widely with the intended application. Some 
missile applications, for example, may require the defini- 
tion properties for time periods one ten minutes 
and rapid heating rates the order 140°F per 
minute. contrast, the industrial gas turbine engineer 
would like information the physical and mechanical 
properties for periods 10,000 100,000 hours. one 
might expect, emphasis such properties notched- 
bar sensitivity, ductility, thermal shock, surface and 
microstructural stability, tensile, fatigue, tensile com- 
pressive creep properties etc. varies considerably with 
the industry and the specific application. For the purposes 
this paper, 100-hour rupture strength has been selected 
the criterion for comparison the various alloys. 
While, this property may interest for relatively 
short life applications, the data are not design minima 
nor they necessarily represent the relative order 
merit when other properties are considered. The large 
number alloys commercially available emphasize this 
point. 


HISTORICAL BACKGROUND 

Prior World War II, the requirements for those 
high strength, high temperature applications represented 
steam turbine blading exhaust valves were re- 
latively modest today’s standards and were largely 
satisfied the development the iron-base martensitic 
chromium grades special austenitic 
Nichrome, nickel—20 chromium alloy developed 
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1906, was noted for its oxidation resistance and was 
used for electrical resistance heating elements, but general 
interest nickel-base alloys was confined their 
corrosion-resistant qualities and was limited their high 
cost. Simple solid solution alloys suth Monel (70 
nickel—30 copper), Inconel (80 
iron) and the Hastelloys, basically nickel, chromium 
and molybdenum, were developed satisfy those ap- 
plications where unusually severe corrosion problems 
were encountered. 


The development age-hardenable nickel alloys 
began 1924 with the discovery that additions small 
amounts aluminum to. Monel metal new 
alloy, Monel, which could hardened heat 
treatment. During the mid-thirties, the beneficial 
fluence such precipitation-hardening elements 
aluminum and titanium the nickel-chromium base 
alloys was recognized several but the 
principal interest continued centered the room 
temperature properties. Test facilities were limited, 
techniques uncertain and few evaluations properties 
elevated temperatures undertaken. 


However, the advent the aircraft gas turbine 
radically changed this situation. Early work the 
Whittle engine emphasized the need for much better 
materials, and 1939 the Mond Nickel Company in- 
stituted thorough investigation the precipitation- 
hardened nickel—20 chromium Out more 
than alloys examined, two evolved. 
1940-41, Nimonic and subsequently Nimonic 
were commercially produced. Nimonic never became 
established for rotor blading but successfully proved itself 
for other high temperature applications such flame 
tubes, tail cones etc. where design stresses are low. The 
aluminum-titanium precipitation-hardened Nimonic 
and its derivatives became the standard material for 
turbine rotor blading British engines and have held 
this dominant position ever since. interest 
note some fifteen: years later that Nimonic 80, developed 
initially for turbine rotor blading and some measure 
responsible for the success the aircraft gas turbine 
and the subsequent decline the reciprocating engine 
for flight propulsion, now finding application 
exhaust valve material reciprocating engines both 
automobiles and aircraft. 


During the early war years wide range both 
cobalt and nickel base alloys were studied the United 
States for possible application the aircraft gas turbines. 
Investigation the nickel-chromium base materials 
The International Nickel Company Inc. culminated the 
development Inconel and Inconel The Inconel 
Series, while similar many respects the Nimonic 
Series, were, fact, based quite different 
lurgical concepts required the different manu- 
facturing and engineering requirements existing the 
United States. Both alloys were used limited extent 
for rotor blading the early U.S. engines. However, 
the period following the war, was cobalt base 
alloy, S-816, which became the 
material that country. Although nickel-chromium 
alloys were employed less critical applications, was 
not until much later date that the benefits this 
alloy system were more widely recognized for critically 
stressed applications. During the interim period, the 
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100-hour creep rupture strength the Inconels 
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TABLE 
THE SERIES ALLOYS 


Nominal Composition 
Nimonic 80, 80A 1.3 2.5 .05 0.5 
| | | | i | 


wrought Inconel Series were developed higher 


levels and 1954, the most recent these, Inconel 700, 
was commercially produced for the first time. Other 
companies working the same field were also successful 
developing high strength nickel-chromium alloys for 
blading. Waspaloy, M-252 and 500 
exemplify comparable recent alloy developments note. 


Engineering practice Canada, the United 
Kingdom, has favoured the selection nickel-chromium 
alloys preference the cobalt-base materials such 
S-816. Nimonic was the turbine blade material 
used during the successful running, 1948, the 
“Chinook”, the first turbojet designed Canada. 
However, consideration the higher creep-rupture 
strength and, lesser extent, ductility, led the initial 
selection Inconel for the higher thrust “Orenda” 
engine, and this series alloys has since been used ex- 
clusively the development and production aircraft 
gas turbines this country. 


PROPERTIES WROUGHT Ni-Cr AND Ni-Cr-Co 
ALLOYS 


The 100-hour rupture strengths the Nimonic and 
Inconel Series are shown Figures and Comparison 
with their chemical composition (Tables and will 
indicate that the improvement rupture strength the 
wrought alloys has been attained primarily 
crease the precipitation-hardening elements titanium 
and aluminum, and through the addition the matrix- 
strengthening element cobalt. Accompanying this im- 
provement strength corresponding decrease 
hot working characteristics which first impeded com- 
mercial development alloys stronger than Nimonic 
Inconel Existing procedures and techniques 
hammer-forging the cast ingot and hot rolling bar- 
stock provided effective limit the permissible level 
alloying additions. With the introduction, few years 
ago, the Sejournet glass lubricant extrusion process, 
the position altered and the higher strength alloys were 
successfully produced. 

Compared forging rolling, the extrusion process 
enjoys the advantages heavy reductions rapid 
rates, minimum scaling and increased yield. The material 
contained all directions during the operation and 
this reduces the tendency for failure the grain 
boundaries during deformation. However, with the 1500/ 
2500-ton presses commonly used, the starting billet size 
length. 

The production sheet materials presents similar 
set problems where the necessity for satisfactory 
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TABLE 
THE INCONEL SERIES ALLOYS 


*Manganese 2.25%. 


hot workability paramount importance. Unfortu- 
nately the extrusion process does not provide much 
assistance and consequently those alloys suitable for 
large scale volume production are limited present 
the lower strength group represented Nimonic 
and Inconel 

The use data derived from barstock material may 
misleading comparing sheet materials the same 
basic composition. Forming and welding characteristics 
are major importance and are not readily apparent 
considering strength properties. High solution tem- 
peratures the order 2000° 2200°F, commonly 
used for barstock and forgings, are not always permissible 
with sheet alloys since considerations dimensional 
control and the prevention adverse surface effects 
frequently necessitate lower temperatures. Further, 
long time elevated properties and will 
greater factor sheet materials where the ratio 
surface area volume test specimens considerably 
greater compared with the conventional round specimen 
obtained from barstock. 


For these reasons, the 100-hour rupture strengths for 
the sheet alloys are presented separately (Figure 3). 
R-235, vacuum induction melted alloy, 
noteworthy not only for its exceptional properties but 
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Figure 
100-hour creep rupture strength—Ni-Cr sheet materials 
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TABLE 
Ni-Cr-Co Ni-Cr-Fe ALLoys 


Nominal Composition 


*Other elements—2 Cb, 0.5 
**Other elements—0.3 


also for the fact that sheet material has been produced 
from what would have been considered former years 
basically cast composition (Table GMR-235). 
Since oxidation resistance very important char- 
acteristic these alloys, the cyclic resistance 1800°F 
and the 100-hour oxidation effects slow moving air 
temperatures 2400°F for number sheet 
materials are given Figures and The addition 
the precipitation-hardening elements titanium and alu- 
minum seen lower oxidation resistance but, generally 
speaking, the nickel-chromium base alloys are superior 
the iron one might expect, with one 
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Sheet materials—Scaling resistance 1800°F 
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Oxidation characteristics high temperature sheet alloys 


which shows very favourably. The data Figure 
illustrate the remarkable oxidation characteristics 
the moderate strength Inconel 702 and, perhaps indirectly, 
the advantages using aluminum preference 
titanium the strengthening agent. Since this alloy 
may unfamiliar some, additional data the form 
tensile properties are given Figure for Inconel 702. 


Examination Figures will indicate that the 
strength levels become progressively lower temperature 
increases until, 2000°F, all these alloys, regardless 
composition and whether the solid solution 
precipitation-hardened type, exhibit uniformly low 
level properties, roughly the order 5,000 psi. 
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Figure 
time tensile properties 
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ELONGATION % 


this extreme temperature, oxidation resistance the only 
property interest. Certain other generalities may 
made regarding the relative wrought compositions 
the 1200° 1600°F range. strength increases with 
alloy composition within this range, hot workability 
tends decrease. Due the effect complex com- 
position both the melting and hot working operations, 
the yield wrought product from ingot usually de- 
creases, which turn affects the price. 

Cognizance the welding, forming, machining and 
other fabricating operations should made and these 
become increasingly difficult the higher alloyed com- 
positions. The age-hardenable materials display 
acteristic drop tensile ductility (Figure within some 
intermediate temperature range corresponding that 
where precipitation-hardening out. The low 
ductility range these alloys dictates certain precautions 
during welding and forming, where high residual 
stress level may exist, and leads cracking heating 
cooling through this range. Consequently welding 
severe cold-forming usually carried out the solution 
treated the annealed condition, then the as-fabri- 
cated component heated rapidly through this critical 
range before age-hardening can occur, remove 
dangerous stresses prior the final age-hardening 
operation. 


PROPERTIES Ni-Cr CAST ALLOYS 


While reproduction properties, greater ductility 
and higher fatigue strength have generally favoured the 
use wrought products highly stressed applications, 
the forgeability requirement wrought materials has 
been severe limitation the range compositions 
potentially available for high temperature 
With the continued requirement for materials with- 
stand higher working temperatures, increased attention 
has been directed within recent years the possible 
application cast materials for such parts rotor 
blades. Cast Udimet 500, GMR-235 and Inconel 713C 
are representative recent commercial developments 
this field. The relative 100-hour 
perties the latter two alloys, compared with the 
standard cast alloy Stellite 31, are given Figure 
while their relative superiority the best the 
currently available wrought materials may judged 
from the position Inconel 713C Figure 

Metallurgical interest the potential advantages 
alloys was stimulated 1949 the 
development both Kinsalloy and Guy Al- 
though outstanding rupture strengths were attained, con- 
siderably excess the best wrought materials available 
that time, the development and application cast 
alloys for turbine blades the high thrust engine was 
not immediately pursued, for several reasons. The im- 
mediate and foreseeable future requirements that time 
were largely satisfied existing cobalt nickel base 
alloys and while satisfactory for nozzle guide vanes, 
cast alloys had unfortunate experimental record 
the more highly stressed rotor blade. The oxidation 
resistance Kinsalloy severely limited the maximum 
working temperature and while protective surface coat- 
ings might have been considered, such approach 
increased the complexity and cost production. Al- 
though oxidation resistance was not limiting factor 


October, 1957 


psi 


1600 
TEMPERATURE 
Figure 


100-hour creep rupture strength—Cast alloys 


Guy Alloy, this latter material did exhibit distress- 
ingly low room temperature ductility elon- 
gation) and impact resistance (13 The 
strength wrought materials subsequently became avail- 
able, further decreasing the interest the commercial 
development cast alloys that time. 

view the unsatisfactory impact and ductility 
properties Guy Alloy, interesting note some 
recent NACA work’ which this alloy 
evaluated bucket material J-33-9 engine operated 
give maximum metal temperature 1650°F. 
was concluded this work that although certain labora- 
tory properties were marginal compared with the stand- 
ard cast cobalt-base Stellite 31, engine performance data 
indicated that the alloy was adequate for rotor blades. 

There understandable concern the use 
cast alloys for highly-stressed applications. Such factors 
foundry technique and control, inherent castability 
the alloy and reliability inspection procedures have 
important consequences when the integrity the part 
considered terms production runs. From the 
engineering viewpoint, low ductility, notched-bar brittle- 
ness and low fatigue strength are usually associated with 
coarse-grained materials and, compared with wrought 
alloys, castings are more subject grain size variation, 
especially gates, risers and change section. However, 
the influence grain size and uniformity the 
mechanical properties either wrought cast nickel- 
chromium alloys may more apparent than real, 
will shown later, and are difficult interpret the 
light the experimental engine running noted above. 
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TABLE 


INCONEL 713C 
THERMAL FaTIGUE 


Stellite 


Inconel 713C, (AMS 5392B) 
Cycles 1005 309 
ist Crack 581 485 
1045 485 
Cycles 2171 678 
Crack Depth 2652 568 


2334 1537 


Cast stator blade specimens locally torch heated 1700°F 
and cooled air blast. Heating and cooling periods were 
each seconds duration. 


Other important factors, such response aging, the 
influence carbide spacing, segregation, the presence 
ductible grain boundary network, may mask 
reverse the influence grain size. Although cast alloys 
will exhibit lower ductility and impact strength than 
the wrought materials, these properties have been con- 
siderably improved the recent cast compositions over 
that standard represented Guy Alloy. 

Thermal shock or, more correctly, thermally-induced 
fatigue may important when peak temperatures ex- 
ceed about 1650°F and this respect nickel-base alloys 
hardened with titanium and aluminum usually show 
disadvantage comparison with cobalt-base materials. 
therefore surprising find the reverse situation 
thermal shock evaluation Stellite and Inconel 713 
(Table 4). 


report the Aviation Panel, ASTM/ASME 
Joint Committee The Effect Temperature 
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100-hour creep rupture strength the Incoloy-type 
alloys 
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TABLE 


Nominal Composition 


Name 


Metals, Allison Division General Motors Corporation 
presented results the thermal shock characteristics 
number structural sheet materials which indicated 
correlation between thermal shock and oxidation re- 
sistance. addition, the merits diffused aluminum- 
rich surface combating high temperature oxidation 
are widely recognized other fields through the practice 
aluminum dipping. therefore interesting note 
the relatively high aluminum content Inconel 713C 
which may, part, contribute the exceptional thermal 
shock properties this alloy through beneficial in- 
fluence oxidation resistance. However, thermal shock 
(thermally-induced fatigue) studies are often nebulous, 
subject variation changes test conditions 
specimen shape and influenced other physical and 
mechanical properties. Much laboratory work will 
required before the effect aluminum 
shock could clearly demonstrated. 


INCOLOY 


Figure 
100-hour creep rupture strength—Ni-Cr-Fe turbine alloys 
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PROPERTIES WROUGHT Ni-Cr-Fe ALLOYS 


was observed earlier that 
chromium alloy, namely Incoloy, had oxidation-resistant 
properties only slightly inferior those the more 
highly-alloyed materials. spite this promising char- 
acteristic, the mechanical properties iron-base nickel- 
chromium alloys temperatures higher than 1400°F are 
unfortunately too low interest. Turning our at- 
tention the lower temperature range 1000° 1400°F 
the position alters and Incoloy-type alloys become 
equivalent superior the nickel-chromium alloys 
terms physical and mechanical properties while 
retaining their advantages lower cost and easier fabri- 
cation. 


The 100-hour rupture properties the Incoloy 
family (Table are given Figure and, these, the 
molybdenum-containing variety, Incoloy 901, 
perties approaching those Inconel 


combination engineering requirements, such 
notch-sensitivity, high ductility, high yield strength 
room temperature and yet high creep resistance 1200° 
1300°F, creates difficult set objectives 
development. These are some the requirements for 
turbine disc wheel applications. More practical con- 
siderations, and possibly more difficult satisfy, are 
those relating the forging large components; that 
say, centre soundness and ductility. The presence 
stringer-type inclusions particularly harmful, not 
only the function the part service, but also 
the upsetting operation during hot working. 

The turbine disc requirements early gas turbines 
were satisfied either the hardenable alloy steels, 
the alloys, such G-18B 
and 16-25-6 or, where design conditions permitted 
the martensitic chromium stainless steels, such H-46. 
The continuous trend towards higher rim temperatures 
has been recognized recent years the development 
the Tinidur-type alloys, such Discaloy and A-286. 
These alloys derive their high strength primarily through 
solution treatment and precipitation-hardening and Inco- 
loy 901, containing substantially higher nickel content, 
the same group. comparison the 100-hour 
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Figure 
Inconel 700—Relationship between fatigue and creep rupture 
properties 
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HEAT TREATMENT 'B 
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Figure 
Inconel 700—Effect solution temperature 1600°F 
rupture strength 


perties these three materials and the standard 16-25-6 
alloy provided Figure 


THE INFLUENCE HEAT TREATMENT 

dispersed precipitate within the grain, grain 
boundary precipitate, insoluble primary compounds and 
grain size are the principal microstructural features 
which influence high temperature properties and which 
turn are considerably influenced the prior history 
processing. Close control both hot working and 
heat treatment operations has its objective the de- 
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Inconel 700—Fatigue strength 1600°F 
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Figure 
Inconel 700—Fatigue strength 1200°F 


velopment fine grain structure with favourable 
distribution precipitate give the best balance be- 
tween the various elevated temperature properties in- 
cluding ductility, with emphasis 
and rupture life. Since general has been found that 
fatigue strength wrought alloys superior creep 
strength and tends improve with increasing creep 
resistance, might thought that fatigue strength 
secondary consideration and largely beyond the control 
the metallurgist. 


illustrate the influence heat treatment, 
convenient consider first the relative fatigue and 
creep-rupture properties Inconel 700 when the stand- 
ard heat treatment employed (Figure 10). may 
seen that below certain temperature, this example 
approximately 1425°F, the fatigue strength Inconel 
700 lower than its creep strength. Such low tempera- 
tures may encountered highly stressed area 
blade and, where resonant conditions are critical, parti- 
cularly multi-stage turbines, lead premature failure 
fatigue. The influence heat treatment the 
relative level creep and fatigue properties may there- 
fore interest from the engineering viewpoint. 

would reasonable assume from Figure 
that the best heat treatment for maximum creep-rupture 
life 1600°F would solution-treat 2275°F and 
age 2000°F and 1600°F. However, Figure will 
indicate that the fatigue strength Inconel 700 
1600°F adversely affected this treatment and 
lower solution treatment 2150°F/2200°F would give 
better combination properties. Having decided 
the recommended solution heat treatment based the 
1600°F properties, interesting look the 1200°F 
fatigue strength for Inconel 700, where the superiority 
third treatment, that direct aging, evident 
(Figure 13). Thus may seen that some latitude 
exists through heat treatment achieving different 
combinations properties. 

Grain size factor some consequence deter- 
mining temperature properties. generally held that 
uniformly fine grain size enhances properties where 
vibrational impact stresses are encountered. With the 
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high solution temperatures necessary develop maxi- 
mum creep properties and the relatively narrow forging 
temperature range (1850°F 2200°F) characteristic 
these alloys, the problem preventing grain germi- 
nation the aerofoil form blade forging con- 
siderable. With many designs has been possible 
consistently maintain uniformly fine grain not ex- 
ceeding average diameter .011”, and the achieve- 
ment the forge shop realizing this objective 
production runs has been important contribution 
the successful use these alloys. 


While grain size important within standard 
composition produced under controlled conditions, in- 
cluding heat treatment, its influence under other con- 
ditions may not apparent. High temperature alloys, 
have noted, are structure-sensitive and suitable 
adjustment heat treatment may have major influence 
both the grain boundary precipitate and the dispersed 
low-temperature precipitate which may mask the in- 
fluence grain size such. This is_ illustrated 
the data presented for Inconel 700 Figure 11. 
While the influence larger grain size the 1600°F 
rupture life may judged from the general shape 
the curves, the difference level rupture life with 
the two heat treatments can only explained the 
basis more favourable distribution precipitate 
resulting from the use 2000°F aging treatment. 
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Titanium solubility curves—Nimonic 80, Nimonic 90-type 
alloys 
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THE INFLUENCE COMPOSITION 


common with other forms engineering en- 
deavour, alloy development guided previous ex- 
perience and past observations and largely dependent 
upon the empirical approach. The more fundamental re- 
search work usually lags behind commercial developments 
the early stages but, later date, contributes the 
realization optimum properties and the exploitation 
the full potential the alloy system. The function 
the alloying elements the complex nickel-chromium 
alloys and their relative contribution elevated temp- 
erature properties only imperfectly understood this 
time, despite number extensive studies. The great 
number variables, the difficult and time-consuming 
techniques and the large amount supporting data re- 
quired makes this work very slow process. 

previously noted, the high temperature properties 
the wrought alloys are structure-sensitive and de- 
pendent upon both solution treatment and precipitation- 
hardening. The constitution, amount and distribution 
the phases precipitated from the solid solution have 
important influence properties. 

alloys the principal low temperature precipitate. The 
solubility the Nimonic and Nimonic 90-type 
alloys (Figure illustrates the sensitivity solubility 
temperature titanium content. Cobalt replacing 
equivalent amount nickel strengthens the matrix 
the alloy and also affects the precipitation the solute. 

The precipitation second phase phases from 
the saturated solid solution contributes the streng- 
thening effect Both and complex carbide 
the M,,C,-type have been identified Inconel after 
aging between 1200° and other compositions, 
influence the carbide precipitate. 

There are other factors importance. The influence 
residual amounts deoxidants and other minor 
elements are important controlling both elevated 
temperature properties and hot working characteristics. 
Referring Inconel, Beiber noted the importance 
adding small amounts aluminum, titanium, magnesium 
and boron and, the Inconel X-type alloy, zir- 
Recently has been shown that the elevated 
temperature properties the vacuum-melted alloys, 
Udimet 500 and Waspaloy, are dependent upon close 
Boron amounts ranging from minute quantities 
0.05% may have either remarkably beneficial 
deleterious influence, depending upon the alloy com- 
position and critical level boron present. Current 
analytical techniques for boron are uncertain and 
attained primarily through close attention the raw 
materials used and the melting procedures 
niques employed. Although the importance critical 
quantities the minor elements recognized, their 
interrelationship and microstructural function 
moting high temperature strength more elusive and 
yet fully explained. Equally small quantities 
other elements impurities can ruin creep properties. 
particular, lead greater than .002% sulphur greater 
than about .007% will have deleterious effect 
nickel-chromium alloys and exemplify the small quantities 
involved. 
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CONCLUSION 


The development and general acceptance the 
aircraft gas turbine has provided the economic incen- 
tive for the commercial development high-strength 
nickel-chromium base alloys suitable for service ele- 
vated temperatures. This paper has been review some 
the important characteristics this group engineer- 
ing materials bar, sheet and cast form. has not been 
possible present detailed data all the engineering 
properties survey this type and the large number 
alloys currently available are evidence the im- 
portance the many factors affecting the use 
materials elevated temperatures. More 
formation their respective engineering properties 
available elsewhere. 


The complex metallurgical problems associated with 
the development and production 
base high temperature alloys may judged from the 
number variables affecting high 
perties, some which have been indicated here. Unlike 
many the older heat resistant alloys, the commercial 
development promising laboratory discovery 
“super alloy” substantially more difficult. The fact 
that such alloys are produced quantity high 
standard uniformity and reliability reflects the stand- 
ard control that excercised through all stages 
processing. Although this paper has been concerned 
with past and present developments, progressive im- 
provement the high temperature properties 
nickel-chromium base alloys may reasonably anti- 
cipated the future. 


REFERENCES 


(1) Pilling, B., Merica, 2,048,167, 21, 
1936. 

CHALEUR 1936, VoL. 17, 125-137. 

(3) Rosenhain, W., Jenkins, M., THE IRON 
1931, No. 313-341; 1937, No. 187-220. 

STITUTE, Report No. 43, 1952, 37-45. 

(5) Luini, Property Requirements and Test Methods 
for Aerodynamic Applications, FOR 
29, 1957, Fic. 36, 52. 

(6) Guy, Alloys for High Temperature 
Applications, ASM Trans. XLI, 1949. 

(7) Signorelli, A., Johnston, Welton, W.—Evalua- 

tion Cast Nickel-Base Alloy for Use Turbojet 

Engine Bucket Material 1650°F, 

MATERIALS CONFERENCE, APRIL, 1957. 

Betteridge, W., Franklin, W.—Development Nickel- 

Chromium Base Alloys for High Temperature Service, 

Sept., Oct., 1956. 

Bigelow, C., Amy, A., Brockway, O.—The Effect 

High Temperature Aging the Development Minor 

IP-161, 1956. 

(11) Beiber, and Sumpter, Par. 2,570,193, 1951. 

(12) Decker, F., Rowe, Freeman, W.—Influence 
Type Crucible Creep Rupture Properties 1600°F 
Vacuum Melted 20-Cr, 15-Co, 4-Mo, 3-Ti, 3-Al 
FERENCE, APRIL, 1957. 

(13) Demara, N.—Quality Control Achieved Vacuum Melt- 
ing and Effects High Temperature Properties, AIME 
Temperature CONFERENCE, APRIL, 
1957. 


~~ 


295 


e 


296 


CANADIAN AERONAUTICAL INSTITUTE 
EDUCATION TRAINING PROGRAMME 


RESPONSIBILITY MEMBERS 


the Aviation Industry aware the shortage 
personnel all levels; and that this having serious effect the rate 
production. 


Two very important factors affect this shortage: 


high students drop out High Schools the age sixteen 
into industry make easy money for unskilled work. large percentage these 
students have the mental ability finish High School Matriculation level. 


30% University Engineering students fail their first year. Almost 
invariably, this failure due inability work steadily their studies. 


Governments and industrial firms can furnish funds provide buildings and 
instructional staff; but obtaining the additional engineering personnel matter for 
continued personal effort individuals. The C.A.I. members can have great influence 
this matter. The following are suggestions for action: 


Make yourself familiar with the requirements for entrance into Engineering 
Colleges and Technology Institutes able advise young people what 
study. 


Encourage students all ages develop habit work with their studies. 


Stimulate the imagination students about the Engineering Professions when- 
ever possible. 


Take interest Home and School meetings. Look into what being done 
encourage students work toward engineering and scientific careers. 


Encourage people your plant up-grade their engineering knowledge 
study through existing channels and even back school possible. 


Your Provincial Education and Training Committee will glad advise 
you any problems you may have. 
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SECRETARY’S LETTER 


THE SOCIAL SIDE 
embark upon account the Anglo- 
American Conference England, should report 
that attended the Montreal Branch Golf Tournament 
and Dinner the 23rd August. usual, was most 
enjoyable meeting and, with certain reservations, can 
commend this sort activity other Branches for 
future years. 


clear long-standing feud you can call 
that between Mr. Ledingham and myself, should like 
say few words about “certain reservations”. Mr. 
Ledingham, now Guelph and the Toronto Branch, 
was formerly member the I.A.T. and the Montreal 
Branch, and has tried carry this Golf Tournament 
tradition Toronto. When first proposed it, 
Toronto Branch Annual General Meeting which at- 
tended, afraid that rather discouraged and 
has been chipping about ever since. 


view that are, first and foremost, technical 
society and that our monthly meetings, from September 
April May, should technical meetings (and 
include Annual General Meetings technical meetings, 
for they are part the business the Institute). Perhaps 
there harm social meeting December, with 
Christmas the air, but otherwise nothing should in- 
terrupt the technical programme. This not say 
that the odd social event cannot arranged, like Van- 
couver’s Whirlybird Ball, addition the technical 
meetings; the point that social events should not 
held the expense the technical programme. 

Having said that, would add that all favour 
social meetings, golf tournaments and the like, pro- 
vided they not occupy more than about 10% 
Branch’s total activities. They help members get 
know one another and that certainly one the In- 
stitute’s functions. They are admirable pre-season 
But let not forget that technical meetings 
can serve much the same purpose, they are run with 
this end view. 


THE ANGLO-AMERICAN CONFERENCE 
First Week 


The Sixth Anglo-American Aeronautical Conference 
was held Folkestone, England, during the second week 
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September but most the trans-Atlantic delegates 
arrived Sunday, the Ist, and spent the week before 
the Conference tour plants, Farnborough and 
forth. arrived this Sunday, registered R.Ae.S. 
Headquarters and, the evening, attended cocktail 
party given the President, Sir George Edwards, and 
the Council the 


Although sure that many members would 
interested news their friends and acquaintances, 
must resist the temptation list all our old friends, 
various nationalities, whom met during this eventful 
fortnight. Such list would fill this issue the Journal. 
Suffice say this point that, this cocktail party, 
met Mr. Richmond Canadair, our 1956-57 President, 
and and together kept the C.A.I. flag flying until 
returned Canada the end the proceedings. 


Various alternative tours were laid for each day 
the first week and personally visited London Airport 
and the B.E.A. Base, the Show Farnborough 
and the College Aeronautics Cranfield. They were 
all extremely interesting but cannot dwell upon them 
here. the social side, attended Reception given 
the British Government the Wednesday evening, 
which delegates the Conference were received the 
Right Honourable Aubrey Jones, Minister 


Second Week 

Sunday, the 8th September, foregathered 
Folkestone and here were joined the bulk the 
British delegates. understand that there were about 
400 British delegates, over 100 American and there must 
have been some from Canada, New Zealand, Holland, 
Sweden and elsewhere.) The Conference, which ran 
from Monday Thursday, included technical papers, 
two each morning and two each afternoon; the papers 
were given alternately American and British speakers, 
each with chairman the other nationality. The P.A. 
system was shaky played beautifully one 
occasion just the speaker was saying that electronic 
equipment (in aircraft) was thorough nuisance but 
otherwise was very much impressed the staging and 
stage management these sessions. Naturally was par- 
ticularly attentive this side the Conference, though 
enjoyed the technical aspects too. was great 
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pleasure listen technical papers for change; 
never get opportunity our own meetings. 

the evenings attended succession social 
events; Reception the two Presidents and their ladies 
the Monday, Reception the Mayor Folkestone 
the Wednesday and the Conference Dinner the 
Thursday. 


The Wilbur Wright Memorial Lecture 

the highlight the visit was the Wilbur 
Wright Memorial Lecture which was presented Lon- 
don the Friday. This was not part the Conference 
but its timing was obviously appropriate. 

The Lecture was given Dr. Clark Millikan, 
Director the Guggenheim Aeronautical Laboratory, 
CalTech, and was preceded the presentation 
Honorary Fellowship the R.Ae.S. The Prince 
The Netherlands and the other annual awards the 
Society. After the Lecture Mr. Richmond and were 
honoured being invited Dinner, attended 
Council members the R.Ae.S., The Prince The 
Netherlands and members the Royal Netherlands Em- 
bassy, Dr. Millikan and number eminent Americans, 
and the winners awards. regarded this invitation 
and the kind reference the C.A.I. made Sir Arnold 
Hall, President-Elect the R.AeS., proposing the 
toast The Guests, very gracious tribute Canada 
the Royal Aeronautical Society. 

the same year that our own Mr. McCurdy made 
the first flight British Subject the British Empire, 
Wilbur Wright, the great American, was presented with 


the Gold Medal the R.Ae.S. and this what said 
that occasion: 

“More than forty years ago, time when flying 
was little thought the world, some the citizens 
England banded themselves together form this 
Society, and through all the years which have fol- 
lowed, during times when any talk about flying was 
considered ridiculous, and all the people who thought 
about were laughed at, this Society met every 
season consider the subject flying, report 
the work which its individual members 
doing, publish these papers which read, and 
spread them throughout the world for the benefit 
others.” 


think that those words should remembered 
our development the 


Conclusion 

close without expressing sincere thanks 
Dr. Ballantyne, Secretary the R.Ae.S., and 
the members his staff for all they did 
visit enjoyable. one appreciates better than 
how much they must have had their minds, but they 
still had time look after me. can assure his many 
friends Canada that Archie was great form. 


MID-SEASON MEETING 


HOTEL VANCOUVER 
VANCOUVER 


27th and 28th February, 1958 
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MEMBERS 


NEWS 


Rt. Hon. Howe, Hon. has 
been appointed Chancellor Dal- 
housie University. 


Boggs, formerly with 
Canadair Ltd., now Factory Man- 
ager, Canadian Car Foundry Com- 
pany. 

G/C Cotton, has recently 
retired from the RCAF and has joined 
Aviation Electric Ltd. the capacity 
Special Assistant the President. 
his new duties, will located 
Ottawa. 


Combley, recently re- 


signed his position with Avro Air- 


craft Ltd. take appointment 
Senior Engineer, Trials Evaluation 
Dept. Computing Devices Canada 


S/L Delaney, has left the 
R.C.A.F. and now employed 
Projects Engineer with Genaire Ltd., 
St. Catharines. 


Stockhausen, has resigned 
his position with Steel Improvement 
and Forge Co. take position 
Chief Inspector with Lake Shore 
Industries, Inc., Batesburg, S.C. 


Godden, Technical Member, has re- 
signed his position with Aero Engine- 
eering Ltd. join Spartan Air Ser- 
vices Ltd. Helicopter Engineer. 


DEATH 


was with deep regret that learned 
the death last June Nelson, 
who was Methods Foreman 
Canadair Ltd. 


OBITUARY 


Wednesday evening, the 24th July, 
1957, Air Vice Marshal Clarence Arthur 
Cook died suddenly his home Ot- 
tawa. was his 49th year. 

native Saskatchewan, received 
his education Saskatoon and graduated 
from the University Saskatchewan 
Science Civil Engineering. 

was fellow graduate and the bright 
future held out for engineers 1929 
had faded out completely the early 
was small graduating class that 
managed stick out the ravages the 
depression and the dust storms. 


For some time after graduation, 
taught physics and mathematics Bed- 
ford Road Collegiate Institute Saska- 
toon. 1939 was commissioned 
the RCAF aeronautical engineering 
branch. served the King- 
dom during the Battle Britain and 
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returned Canada late 1940 serve 
Engineering Staff Officer with 
Training Command. 

December 1944 was appointed 
the Air Force Headquarters Travelling 
Establishment Committee and cessa- 
tion hostilities was released from the 
RCAF October 1945. January 
was made Officer the Most 
Excellent Order the British Empire. 

‘He re-enrolled June 1946 and until 
August 1948 was engaged the Person- 
nel Planning Branch AFHQ. 

was attached the Canadian Joint 
Staff, Washington, during the winter 
1948-1949 and thereafter was transferred 
Air Materiel Command Headquarters. 


was his role staff officer 
from July 1949, until his untimely 
death, that became best known 
the RCAF well industry. 

Drawing heavily his experience 
overseas and engineering officer 
closely associated with the British Com- 
monwealth Air Training Plan, be- 
came one the chief architects Air 
known. His efforts were tireless and, 
during the reorganization 1952 the 
Command, seemed times that 
had reached his physical limit. The suc- 
cess Air Materiel Command owes 
much his energy and direction. 

the 15th March, 1957, was ap- 
pointed Air Officer Commanding Air 
Materiel Command with the rank Air 
Vice Marshal. was first non-fly- 
ing list officer achieve the rank 
Air Vice Marshal the RCAF. Very 
few non-flying officers the air forces 
the Western World have achieved 
such distinction. The popularity this 
appointment was wide-spread military 
and industrial circles and mark 


his modesty that always credited 


teamwork himself and his associates 
the main reason for his appointment. 
But those who were closely asso- 
ciated with him, the teamwork which 
boasted was the result firm and 
tactful leadership and sympathetic un- 
derstanding the difficulties which be- 
set logisticians age rapid tech- 
nological advances. 

His interest all facets the logistic 
operations the RCAF was deep; his 
knowledge was great and his memory 
was remarkable. His counsel was sought 
leaders Canada’s growing aero- 
nautical industry well senior 
officers the armed services and gov- 
ernment departments. 

member the Engineering In- 
stitute Canada and Associate Fel- 
low the Canadian Aeronautical 
Institute, was jealous guardian 


the rights the professional engineer, 
the welfare technicians the tech- 
nical training young Canadians. 


His tastes were simple and detested 
snobbishness. was forthright man- 
ner but the warmth his understanding 
eased many difficult conference 


successful conclusion. was man 


great compassion; his door was open 
all and trouble was too small for his 
sympathetic ear and willing shoulders. 

his wife Gladys, his son Kent and 
his daughter Cheryl, extend our 
deepest sympathy. 


ADMISSIONS 


meeting the Admissions Com- 
mittee, held the 13th August, 1957, 


the following were admitted the 
grades shown. 


Associate Fellow 


Dr. Abrams, Scientific Adviser 
Chief Air Staff, RCAF HQ., “A” 
Bldg., Cartier Square, Ottawa, Ont. 


Member 


Ayre, Structural Test Engineer, 
Canadair Montreal, P.Q.: 3002 
8th Ave., L’Abord Plouffe, P.Q. 


Edwards, Group Leader Engineer- 
ing, Canadair Montreal, P.Q.: 
P.O. Box 225, Ville St. Eustache, P.Q. 


Elliott, Asst. Works Manager, 
Canadian Pratt Whitney Aircraft 
Co., Ltd., Montreal, P.Q.: 333 Hickson 
Ave., St. Lambert, P.Q. 


Fennell, Test Engineering Super- 
visor, Avro Aircraft Ltd., Malton, 


Ont.: Langholm Drive, 
Ont. 


Grant, Executive Pilot, Dept. 
Transport, No. Temporary 
Ottawa, 


Henry, Sr. Stress Engineer, Cana- 
dair Ltd., Montreal, P.Q.: 268 8th 
Ave., St. Eustache, P.Q. 


Matheson, General Service Super- 
visor, Canadair Ltd., P.O. Box 6087, 
Montreal, P.Q. 


Molyn, Sales Engineer, Canadian 
Marconi Co., Aviation Dept., Outre- 
mont, P.Q.: 265 Place Benoit, St. 
Laurent, P.Q. 


Quittner, Stress Engineer, Canadair 
Ltd., Montreal, P.Q.: 1505 Decarie 
Blvd., Apt. 47, Ville St. Laurent, P.Q. 
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Technical Member 


Davidson, Chief Test Pilot and Co- 
ordinating Officer, The Fairey Avia- 


tion Co. Canada Ltd., Patricia Bay 


Airport, Sidney, B.C. 


Genno, Technical Writer, Bristol Air- 
Winnipeg, 
Man.: 123 Bruce Ave., St. James, Win- 
nipeg 12, Man. 


Engines, RCN, HMCS Shearwater, 
Box 136, Shearwater P.O., N.S. 


Rhodes, Licensed Mechanic, Trans- 
Canada Air Lines, Montreal, P.Q.: 
748 Rielle. Ave., Verdun, P.Q. 


Technician 

Deacon, Sr. Draftsman, Engineering 
Dept., Trans-Canada Air Lines, Mont- 
real, P.Q.: 10998 Henault Ave., Mont- 
real North, P.Q. 


Associate 
Hemphill, Editor, Canadian Avia- 
tion, 481 University Ave., Toronto, 


Ont. 


Meagher, Sales Engineer, Imperial 
Oil 1090 Granville Van- 
couver, B.C. 


meeting the Admissions Com- 
mittee, held the 22nd August, 1957, 
the following were admitted the 
grades membership shown. 


Member 


Lemyre, Liaison Engineer, Avro 
Aircraft Ltd., Malton, Ont.: Strath- 
cona Ave., Toronto Ont. 


Sanders, Chief Inspector, Spartan 
Air Services Sparks 
Ont. 


meeting the Admissions Com- 
mittee, held the 27th August, 1957, 
the following were admitted the 
grades membership shown. 


Member 


Eames, Senior Hydrodynamicist, 
Naval Research Establishment, Dart- 
mouth, N.S.: 156 Beech St., Halifax, 


Technical Assistance Mis- 
sion Iran, P.O. Box 58, Tehran, 


Hope, Test Engineer, Avro Air- 
craft Ltd., Box 4004, Terminal 
Toronto, Ont. 


Dr. Neely, Chief, Sonics Section, 
Defence Research Medical Labora- 
tories, Toronto, Ont.: 220 Sheppard 
Ave. West, Willowdale, Ont. 


Ruse, Superintendent Maintenance, 
Winnipeg Club, St. James, 
Man.: 210 Olive St., St. James, Winni- 
peg 12, Man. 


Shove, Technical Sales Manager, 
Blackburn Aircraft, c/o Field Avia- 
tion, 1450 O’Connor Drive, Toronto 
16, Ont. 


Chief Test Pilot, North- 
west Industries Ltd., P.O. Box 517, 
Edmonton, Alta. 


S/L Stubbs, Medical Associate/ 
Biophysicist, Institute 
Medicine, Toronto, Ont.: R.R. King 
City, Ont. 


Tammadge, Engineer, Dynamic 
Test Group, Canadair Ltd., P.O. Box 
6087, Montreal, P.Q. 


Technical Rep., Vickers-Armstrongs 
(Aircraft) Ltd., Montreal, P.Q.: 3590 
Ridgewood Ave., Apt. 403, Montreal, 


Technical Member 


W/C Smith, Requirements Project 
Officer—Argus, RCAF HQ, Ottawa, 
Ont.: 614 Golden Ave., Ottawa, Ont. 


Stewart, Contracts Supervisor, 
Garret Manufacturing Co. Canada, 
Rexdale, Ont.: Roxborough St. 
Toronto, Ont. 


Student 


Soberman, Dalhousie University, 
Halifax, N.S.: 272 Jubilee Rd., Hali- 
fax, N.S. 


Toronto, Ont.: 985 St., 
Montreal, P.Q. 


MEMBERSHIP THE 


the 30th September, 1957. 


Technical 


Associates 


Total 


The Technical grades comprise the following: 


Fellows 

Members 1,043 
Technical Members 499 
Students 160 
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SUSTAINING MEMBERS 


NEWS 

Aviation Electric Ltd. has announced 
that their Material and Process Labora- 
tory has been granted approval the 
RCAF conduct tests for industry 
commercial basis, testing materials and 
processes for which the RCAF the 
end user. 

The Laboratory, comprising metal- 
lurgical and chemical section, 
position write test reports acceptable 
the RCAF. 


Chemical testing facilities have full 
RCAF approval for chemical analysis 
ferrous and non-ferrous alloys; testing 
electrodeposited coatings and analysis 
electroplating bath. The main features 
the Chemical Section Mettler 
stand, salt spray cabinet, photometer, 
automatic titration stand, kinematic and 
MacMichael viscosity apparatus etc. 

Metallurgical testing facilities include 
Tukon microindentation hardness tester, 
Zeiss metallurgical and polarizing micro- 
scopes, controlled temperature furnaces 
2600°F, Scott tensile 
Comaco spring tester, Shore hardness 
tester, well optical room and 
complete facilities for photography. 


Shell Oil Company Canada Ltd. has 
erected million gallon aviation gaso- 
line storage tank Frobisher Bay, 200 
miles from the Arctic Circle Baffin 
Island, where the existing airfield 
being developed the DOT in- 
ternational airport. Airlines now flying 
the trans-polar route between west coast 
cities and Europe have been aware the 
fact that the Frobisher field ideally 


BOOKS 


Interavia ABC, Directory World Avia- 
tion, Fifth Edition. Interavia, Geneva 11, 
Switzerland: Interavia Canada, Farmcote 
Road, Don Mills, Ont. 1,300 pages. $12.00. 
bearing illustrious name, the Fifth 
Edition the Interavia ABC well 
produced, exceedingly detailed and in- 
geniously indexed listing almost every 
aeronautical activity the world. five 
languages, English, French, German, 
Italian and Spanish, gives details 
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located refuelling point since 
almost exactly half way between their 
terminal airports. But the past the 


field has been controlled the 


and has been available the airlines 
only alternate base. addition 
the large storage tank, Shell will provide 
two 3,000 gallon fuelling trucks and 
aviation oil truck the airfield. 


Canadian Applied Research Ltd. an- 
nounce the purchase three its Air- 
borne Profile Recorder Systems the 
USAF. The highly complex instrumen- 
tation system improved precision 
radar altimeter designed meet topo- 
graphical and planimetric requirements 
and capable measuring ground 
elevation plus minus from 1,000 
30,000 altitude. 


Evaluation the Canadian company’s 
original model electronic device was be- 


gun six years ago the USAF. During 


that time, 
companies were asked produce similar 
airborne devices for high level air-to- 
ground recording. would now appear 
that the Canadian company’s system has 
met the requirements and that the USAF 
new type of, high-level reconnaissance 
aircraft will ‘soon carrying the To- 
ronto engineered and produced instru- 
ment. 


The Airborne Profile Recorder Mk. 
weighs 176 and broken down into 
seven components. Its inch diameter 
parabolic reflector the aircraft pro- 
jects very narrow angle radar beam. 
This resolution highly important 
high altitude and over sloping terrain. 


The system, besides measuring 


civil and military aviation authorities, 
airlines, clubs, industry, research estab- 
lishments and aeronautical 
and the executive personnel each; 
even gives light covering light 
comparison with the rest Eastern 
Europe. 

out date many respects claims 
1957 but anyone who has ever tackled 
the exacting task compiling and proof 


to-ground and datum-to-ground dis- 
tances continuously and recording these 
high-speed two-pen, paper chart 
recorder, also correlated the geo- 
graphical position simultaneous ver- 
tical photography. 

The present Airborne Profile Re- 
corder System has been greatly mini- 
aturized and made lightweight, 
compared with the original system that 
was introduced Research six 
years ago. 


Okanagan Helicopters Ltd. 
tained long-term contract operate 
ten RCAF Sikorsky S-55 helicopters 
the Mid-Canada Line, together with four 
its own aircraft the same type. 
These ten aircraft are addition the 
Company’s present fleet 
copters, including one Sikorsky S-58, 
seventeen Sikorsky S-55’s and twenty- 
seven Bells. This Company, long recog- 
nized pioneer helicopter opera- 
tions, still constantly exploring new 
uses which the helicopter can ap- 
plied the development Canada’s 
natural resources. 


Orenda Engines Ltd. 
Iroquois the Hawker-Siddeley Group 
stand the S.B.A.C. Show Farn- 
borough during the first week Sep- 
tember. created great deal 
interest. 


Avro Ltd. will unveil the 
Arrow the 4th October. Unfortun- 
ately this item must press before 
that date but hoped give full 
report the ceremony the next issue 
the Journal. 


reading list names cannot but ad- 
mire its accuracy other respects. 


This Directory little value the 
technical man though may have uses 
commercial guide. Even for this 
purpose, the constantly shifting sands 
the aviation world, the reliability 
work this sort must inversely 
proportional its scope. Its scope 
impressive but worth it? 


Lutrman 


301 


q 
q 
q 
3 
4 


Introduction Junction Transistor 
and Sons, Inc., 1957. 296 pages. Illus. $8.50. 

Some electronics engineers are content 
consider transistors simply units 
with certain published characteristics. 
Others, desiring firmer grasp the 
subject, wish acquainted with the 
physical basis which determines transis- 
tor behaviour. 

Dr. Middlebrook has written good 
book for this purpose. While requiring 
only the usual preparation possessed 
electronic engineers, permits logical 
and reasonably thorough (for “Intro- 
duction”) coverage. 


The main subjects covered are 
follows: qualitative. development 
junction transistor theory; qualitative 
and quantitative semiconductor physics; 
current flow semiconductors; bound- 
ary values for forward biased p-n 
junctions (energy diagrams, carrier den- 
sity); p-n junctions under applied d-c 
potential; pnp transistors; internal capa- 
citance and feedback effects; small signal 
a-c equivalent circuits, complete and 
simplified for practical application. 

The qualitative material clear and 
readable. Mathematical treatment care- 
ful and complete, least for small-signal 
theory, and includes referenced index 
the more than 250 symbols required. 


Illustrations are good and references 
are given for each chapter. 


high frequency equivalent circuit, 
developed the author, and previously 
available only report form, has been 
included this text. Adequate treatment 
small-signal theory has been the 
expense any reference switching 
properties. 


This book can recommended 
students and engineers for the effective 
way relates transistor characteristics 
the underlying physics. 


Stress Corrosion Cracking and Embrittle- 


_and Sons, Inc., 1956. 202 pages. Illus. $7.50. 


book this subject bound 
with Aircraft Metallurgists 
can throw any light, this one 
certainly does, two the major 
problems which are worrying 
today. Dr. Robertson has brought to- 
gether collection fourteen papers 
from four countries university labora- 


tories and industry which are repre- 
sentative the most recent thought that 
has been devoted the mechanism 
stress corrosion cracking. Although 
much the subject matter the 
elevated plane occupied the :netal 
physicist, great deal information 
made available the physical metal- 
lurgist help him solve his more prac- 
tical problems how combat 
corrosion. 


The classical explanation stress cor- 
rosion cracking Dix and his associates 
alloy, and which dependent the 
electro-chemical activity grain aad 
grain boundary constituents, extended 
include Al-Mg and alloys. The 
similarity this reaction with that 
carbides low-carbon steels and 
austenitic stainless steel brought out. 
Fresh light thrown the role 
applied well residual stress crack 
propagation and three papers are 
devoted the study Hydrogen ein- 
brittlement. 

The final chapter, entitled “Labora- 
tory techniques for the investigation 
stress-corrosion cracking”, delightful 
misnomer for very fine summary 
the more practical aspects the entire 
book. 


SMALLMAN-TEW 


Van Nostrand Company (Canada) 
1957. 862 pages. Illus. $11.75. 

hundreds articles, precis and 
books have been written the various 
aspects “Airmanship” over the years, 


but seldom has good attempt been 


made compile all this information into 
single reference textbook. The author 
recognized the need for such book and 
“Modern ‘Airmanship” has accom- 
plished the almost impossible task 
summarizing the advances 
fifty years the many fields 
connected with aviation. The subjects 
covered are follows: 


The characteristics the atmos- 
phere. 

Modern aircraft types. 

Basic aerodynamics and theory 
flight covering the basic prin- 
ciples and subsonic and super- 
sonic aerodynamics. 

Airplane structures, methods and 
materials. 


Aircraft propulsion propellers, 
turbojets, turboprops, 
and rockets. 


Aircraft instruments flight in- 
struments, engine instruments, 
auxiliary instruments and radio 
equipment. 

Man flight physiological as- 
pects flight. 

Basic flight techniques light 
aircraft everything from pre- 
flight preparation post flight 
inspection. 


Flying higher performance air- 
craft all aspects flight 
multi-engine aircraft, in- 
cluding emergency operations. 


Weather meteorology 
and the effects weather 
flight. 


Instrument flying basic tech- 
niques and instrument navigation 
procedures. 


Air navigation maps, com- 
puters, celestial navigation, elec- 
tronic aids and specialized prob- 
lems. 


Flight control agencies and flight 
rules. 


dynamics and operation. 


inspections, repairs, modifica- 
tions, records and management. 

The Arctic pilot history, op- 
erational problems, mountain fly- 
ing, floatplanes and survival. 


Modern airports siting and 
layout, runway requirements, 
barriers, facilities and lighting. 


This list contents speaks for itself. 
Each section has been written special- 
ists the particular field and although 
many are necessarily brief, the end 
each chapter bibliography publi- 
cations which may referred for 
greater detail. 

This excellent reference book, 
profusely illustrated, and 
language suitable for the layman the 
expert. deserves prominent place 

reference library anyone con- 
cerned with the operation aircraft 
today. 

F/L Henry 
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SUSTAINING MEMBERS 


the 


CANADIAN AERONAUTICAL INSTITUTE 


1957-58 


LIMITED 

INCORPORATED 

Avro LIMITED 

Company 

LIMITED 

LIMITED 


Propucts 


LIMITED 


CANADIAN APPLIED RESEARCH LIMITED 


CANADIAN CoMPANY LIMITED 


CANADIAN STEEL IMPROVEMENT LIMITED 
CANADIAN WESTINGHOUSE CoMPANY LIMITED 
Cannon LIMITED 

AND 

Decca LIMITED 

Decca Rapar LIMITED 


Dowty CANADA LIMITED 


Division 


AVIATION CANADA LIMITED 
LIMITED 


LIMITED 


ENGINEERING LIMITED 


LIMITED 

Jarry 

Lucas-Rotax 

(CANADA) LIMITED 

OKANAGAN 

LIMITED 

Prenco ENGINEERING LIMITED 
Power ENGINEERING LIMITED 
LIMITED 

SparTAN Services LIMITED 

STANDARD AERO ENGINE LIMITED 

Propucts 

LINES 


Gears LIMITED 
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new, lighter, more accurate and 
design for present and future needs. Features: Fiberglas 
tank unit and combined fuel 
compensation, sequencing, and operation auxiliary 
devices. 


CANADA LIMITEO 
5800 MONKLAND AVE. MONTREAL, QUE. 


CANADIAN AERONAUTICAL 
INSTITUTE 


Requires 


ASSISTANT SECRETARY 


Having good academic background and about 


five years aeronautical experience. 
Salary dependent upon qualifications. 


Apply giving age, education and experience 


The Secretary, 
Metcalfe St., 
Ottawa Ont. 


APPOINTMENT NOTICES 


Members and Sustaining Member Companies 
are invited use the facilities the Journal 
give notice positions vacant required. 


Notices will published, free charge 
members the Institute, for two consecutive 
months and will thereafter discontinued unless 
their reinstatement specifically requested. 
Box No., which enquiries may addressed 
(c/o The Secretary), will assigned each 
notice submitted individual. 


The following examples illustrate the form 
which the Notices will presented and they 
should drafted accordingly: 


Positions Vacant 


Electronic Engineer work with 
Flight Test Group automatic data 
handling Candidates 
should have good engineering degree 
and least five years experience sim- 
ilar related work. Applications should 
submitted the first place letter 
the Chief Engineer, Phantom Aviation 
Company Limited, Mapleleaf, N.W.T. 


Positions Required 


Box ABC. Engineer B.Sc. 
years airline and maintenance ex- 
perience. Broad administrative back- 
ground including sales and contracts. 
Desires position with airframe manufac- 
turer liaison engineering customer 
service capacity. 


The Institute reserves the right decline 
any notice considered unsuitable for this service 
cumstances demand. 
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Airborne’s new modular concept 
linear actuator design based 
system standardized components. 
These switches, 
jacks—are grouped three broad 


capacity 


2500 and L20—up 3500 Ib. 
All components within each classifi- 
cation are interchangeable. 

result, you are longer 
limited line of, say, dozen 
standard actuators whose design 
relatively fixed. Instead, you can now 
select any one several hundred 
possible combinations from over 
standard Airborne actuator compo- 


LINEATOR® ROTORAC® 


Simplified illustration Airborne’s new modular design concept shows how 


actuator can assembled from various combinations standardized, inter- 
changeable parts. Components actually available appear the diagram below. 


New Airborne modular actuators give you 
greater design freedom, help eliminate specials 


nents. 90% cases, this will give 
you linear actuator meeting your 
capacity and configuration require- 
ments exactly. Thus you have greater 
design freedom without becoming 
involved the extra costs and de- 
lays associated with specials. 

addition, while redesigning un- 
der the modular system, have re- 
duced the bulk and increased the 
capacity many Airborne actuator 
components. You get more power 
smaller package, saving valuable 
weight and airframe space. 

Write today for further informa- 
tion Airborne’s new modular ac- 
tuator line. 


TRIM TROL® ROTORETTE® 


AIRBORNE ACCESSORIES CORPORATION 
HILLSIDE NEW JERSEY 


Represented Canada by: WINNETT BOYD LIMITED 745 Mt. Pleasant Rd., Toronto Ont. 


ANGLgear® 


MoTOR «GEAR ACCESSORY SCREW 
aC Low to. T/A ACME SINGLE 
oC POWER us. 
int. ‘ TRANSMITTER 1/4 Acme DOUBLE 
3716 ACME SINGLE 
POWER BASIC OPTIONS OF 
TYPICAL (L12) MODULE Acme DOUBLE 
¥ ‘ACME QUAD 
Low 2 
Cl (] (] us. oO 
a INT. 4 TRANSMITTER 
172 ACME SINGLE 
TYPICAL (L16) MODULE 
ac Low . 2 
o POWER (] (| us. fo 
a r. NT. ‘4 TRANSMITTER ‘ACME SINGLE 
ac 3/8 ACME DOUBLE 
BASIC OPTIONS OF 


Above, the complete line Airborne modular 
actuator components. 


ROTOLOK 


NEW MODULAR ACTUATOR 
CATALOG 57A 
Discusses modular design; gives operating ca- 
pacity curves for the new Airborne actuator 


Classifications; contains complete dimensional 
data. Write for a copy today 
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Part view the machine shop 
the Toronto plant Lucas-Rotax 


There only one company Canada with complete, self-contained facilities 
for design, development, quantity production and service aircraft electrical 
systems and fuel systems for gas turbine engines Lucas-Rotax. Out this 
leadership have come such products as... 


PORTABLE HIGH ENERGY IGNITION TESTER—designed for field 


testing complete gas-turbine engine high energy ignition systems. Test cycle 
automatically timed and recorded. 


NAVIGATION LIGHT FLASHER designed for oper- 
ating extremely high altitudes and ambient temperatures, this unit weighs only 
ozs., contains rotating parts! 


ALTERNATOR DEV 30KVA continuous 8000 RPM 
with cooling air 250°F. Has 84% full load efficiency. Weighs only Ibs. 


early consuitation with Lucas-Rotax sales engineer 
can help you solve your aircraft engineering problems 


TORONTO—2200 Avenue East, 5-4171 Royal Mount Avenue, 7-6509 


LUCAS-ROTAX equipment used civil and military including 100, Viscount, North Sabre, 


ALONG THE PLOTTED LINE... 


High performance aircraft demand high performance 


navigation equipment. The Bendix-Decca Flight Log 
traces the aircraft’s track chart continuously 


throughout the flight any altitude, any weather. 


You 


DEC 


EASTERN DIVISION—P.O. Box 671, Halifax, N.S. 
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For those “Impossible” Installations 
Cherry Research offers 


the 


HOLLOW PULL-THRU RIVET 


Available with either universal 100° 
countersunk head, the Cherry 3/32” Monel 
Hollow Pull-Thru Rivet has high shear 
strength particularly adapted fastening nut 
plates, gang channel and honeycomb mater- 
ials where extremely limited space makes 
use solid rivets difficult. Damage sur- 
rounding material these difficult spots 


eliminated with the pull-thru hollow rivet. 
Simplicity and speed installation cut 


costs and save weight. 


The new 3/32” Monel Hollow Pull-Thru 
Cherry Rivet can installed with all existing 
Oherry Rivet guns, including the G-25 Hand 
Gun. 


Please write for technical information. 


BULLOCH 


MFG. 


LIMITED 


GANANOQUE, CANADA 
Subsidiary 


Parmenter-Townsend Co., Ltd. 


Sales Offices: MONTREAL TORONTO WINNIPEG 
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Depicted here are seven such units, 


thus setting another example 
self-sufficiency the hydraulics field. 
ENGINEERING OPPORTUNITIES 


positions are open for stress 
and laboratory technicians. Write to: 


Director Engineering, 
Jarry Hydraulics, 
4384 St. Denis St., Montreal 18, P.Q. 


Designers and manufacturers landing gear and 
other hydraulic components for modern aircraft, including: 
Argus, CF-105, CS-2F-1, F-86, T-33, Beaver, Otter. 


Steering Cylinder 


Feel Simulator 
— 


Main Landing Gear 


Ball Screw Flap Actuator (8) 
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the up-lock jack, the steering cylinder 


BRITANNIAS WILL BRING NEW LOOK 
CANADIAN PACIFIC AIR ROUTES 


Canadian Pacific Airlines introduce world’s biggest, fastest, quietest 
airliner transpolar and intercontinental air routes early next year 


The Bristol Britannia, the world’s biggest, fastest 
and quietest airliner coming into service all 
major Canadian Pacific air routes early next year. 
These magnificent new aircraft will bring new 
standards speed and luxury Canadian Pacific 
passengers, flying over the North Pole European 
routes, and from South America and across the 
Pacific Tokyo and Sydney. 


Britannias are commercial service with British 
Overseas Airways Corporation. They have also been 
ordered Aeronaves Mexico, Cubana Aviacion, 
Israel Airlines, Hunting-Clan Air Transport, 
Northeast Airlines, Royal Air Force Transport Com- 
mand, and the British Ministry Supply. 


Two Britannia derivatives now 
building Canada will also give 
new look the Royal Cana- 
dian Air Force. These are the 
long range maritime reconnais- 
sance CL28 Argus and the mili- 
tary transport both being 
built Canadair Ltd. 


BRISTOL 
Britannia 


THE BRISTOL AEROPLANE COMPANY OF CANADA (1956) LIMITED 
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The world’s newest 
supersonic jet engine... 


the 


Selected power production versions the 
Avro Arrow for the R.C.A.F. the Iroquois 
jet engine very advanced design, developing 
maximum thrust with minimum dimensions 
simple mechanical layout. Using modern 


materials including titanium, Orenda has 


developed engine very low weight. 


The Iroquois designed, developed 
and produced Canadians 

the supersonic successor the 
Orenda jet engine, 4,000 which 

are service four continents. 


FLIGHT TESTING THE NEW IROQUOIS MALTON 
The supersonic Iroquois carried this specially 
designed pod the rear 


MALTON, CANADA 


MEMBER: A.V. ROE CANADA LIMITED THE HAWKER SIDDELEY GROUP 
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